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 PREFACE TO THE FIRST GERMAN EDITION. 


TH problems which are to be solved ın the construction of 
apparatus for evaporating, condensing and cooling, are inti- 
mately connected with the laws of the transfer of heat. 
 Although, generally speaking, these physical laws can be 
regarded as known, yet reliable knowledge of the practical 
-coefficients, applicable in each of the many different cases, is 
fern wanting. Without these coefficients the constructing 
engineer cannot work. Numberless experiments have been 
conducted by more or less competent observers to supply this 
want, but their results are scattered through the literature, 
were often obtained only for very special cases, and occasion- 
ally without regard to all the prevailing conditions. Many 
have been kept secret by their discoverers as valuable prizes. 
7 The very excellent work published by Professor Molier at 
the instance of the Verein deutscher Ingenieure in the Zeitschrift 
des Vereines deutscher Ingenieure, 1897, Nos. 6 and 7, in which 
the present condition of our knowledge of these relations is 
very clearly displayed, does not give figures directly applicable 
in practice, which indeed was not its object. i 
For this purpose new experiments on the large scale are 
necessary, which shall take into consideration all the working 
conditions, and, in particular, the absolute dimensions of the 
heating surfaces. Recently the Verein deutscher Ingenieure has 
turned its attention to this question. Its competence and 
ample funds permit us to anticipate the best success. 
In the construction of evaporating and cooling apparatus 
other questions arise, which at present cannot be answered by 
p knowledge of the processes based on accurate and many-sided 
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researches—for example, as to the pressures exerted by rarefied 
and compressed gases and vapours on floating drops, the resist- 
ance due to the friction of rarefied vapours in wide pipes, etc. 

It is very desirable that these gaps should at once be filled 
by orderly and reliable researches available for the requirements 
of the whole industry. 

But before these wishes can be fulfilled, all varieties of 
apparatus of this order must be built, and since to the author’s 
knowledge there ıs no book in which, so far as it is possible, 
most of the questions and conditions relating to evaporatiıon (in 
particular, the chief dimensions of the apparatus and the efh- 
ciency to be anticipated) are treated in a connected manner for 
practical purposes, an attempt to supply the deficieney has been 
made in the following pages. 

In this task the generally available material, also very valu- 
able communications from well-disposed friends, and, finally, 
the experience and experimental results of long practice, have 
been employed. 

It lies in the nature of the circumstances indicated above 
that much of these explanations must have a hypothetical 
character, which the friendly reader must remember. 

Lack of time will often prevent an engineer who is not 
quite at home in this branch from seeking, by a long study of 
the literature, the examples which are at once required, and from 
making long calculations. On this account, wherever it ap- 
peared advisable, tables have been introduced, which contain 
easily ascertained answers to certain definite questions arısing 
from many cases. 'These tables also have the advantage of 
affording a clear insight into the alterations produced by varia- 
tions ın the data of the problem, which advantage constructors 
know well how to prize. 

In view of the extreme variety of the apparatusand machines 
used in the industry, the constant and rapid changes of its re- 
quirements, and also its rapid progress, a complete treatment of 
all possible cases cannot well be attained. 

The constant motive in writing this treatise has been the 
desire to provide as complete and reliable assistance as possible 
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for the solution of the problems of the construction and working 
of apparatus for evaporating, condensing and cooling. If this 
desire has not been quite fulfilled, the book will perhaps be 
regarded as a useful foundation for further endeavours. 

There now remains the pleasant duty of expressing thanks 
to all the friends who have helped to enrich the contents of this 
work by communicating the results of experience, and to the 
publisher for the worthy appearance of the book. 


THE AUTHOR. 
BERLIN, August, 1899. 





PREFACE TO THE SECOND GERMAN 
EDITION. 


A SECOND edition of this work has become necessary in so 
short a time after the appearance of the first, that there has 
been no opportunity for extensive alterations. 

Apart from small corrections, which arise in part from 
friendly criticisms, the present edition is an unaltered reprint 
of the first. May this also participate in the favourable reception 
offered to the former. 


THE AUTHOR. 
BERLIN, April, 1900. 


TRANSLATOR’S PREFACE. 


THE need for a book of this nature, which is sufficiently 
indicated in the author’s preface, is perhaps not less in 
England than in Germany. It may therefore be permissible 
to hope that the translation will approach the success of the 
original. A number of misprints contained in the German 
edition have been removed and the proof-sheets have been 
submitted to the author, who has made certain addıtions 
and corrections. I trust therefore that the book may be 
found reliable and accurate. 


| A,C. NRIGEE 
December, 1902. 


PaABEE OF .CONTENT». 


PAGE 
Prefaces . ; 2 6 : f . ; 2 ; 5 : A ili-vili 
List of Tables . ° : ey 
Comparison of Metric Mer Britich Sy stems of Weiche And Make : 5 
Comparison of Centigrade and Fahrenheit Thermometers . ; : 2.0 
List of Symbols and Contractions . - e ; ; \ 5 ä . axı 
‚CHAPTER 
I. The Coefficient of Transmission of Heat, %, and the Mean 
Temperature Difference, ®,, 1 
Logarithmic Equation for 0, Figs. 1-4 ; 5 : 4 
Finite Equation for ,,, Tablel. ; . h a 7 
II. Parallel and Opposite Currents, Table 2, Fig. 5 : : I 
III. Apparatus for Heating with Direct Fire : © : u, 
The Properties of Certain Fuels, Table3 . ; i ; . 14 
The Transmission Coefficient %,, Table 4 . k : e . 16 
IV. The Injection of Saturated Steam - j i Ä . le 
V. Superheated Steam ; ; i 8 i a: 
Expenditure of Heat in Surteakns ; able Da i ; . 22 
Volume of the Superheated Steam, Table 6 ’ E & 93 
Heating Surface of the Superheater, Tables Tand 8. : .. 24 
The Coefficient of Transmission, k . ; ; E : 24 
VI. Evaporation by Means of Hot Liquids . . . 26 
VII. The Transference of Heat in General, and Transference by 
Means of Saturated Steam in Particular . . .. 28 
Conditions which retard and assist the Transference of Heat . 29 
The Properties of Saturated Steam, Table 9 ’ 30 
The Influence of the Thickness of the Metal Wall, aber 10 
and 11 k 3 36 
VII. The Transference of EB from Satmratod Steam in ee 
(Coils) and Double Bottoms . j u i «89 
A. Steam Pipes (Coils) P + k } ö f » en: 
The Coefficient of Transmission, k,, in Evaporating, 
Table 12 e i . 40 
The Evaporative Hiffistenoy of Gerber Pins, Table 13 42 


The Coefficient of Transmission, %., in Heating ‚ . 45 


X TABLE OF CONTENTS. 


CHAPTER 
VII. B. The Dimensions of Steam Tubes (Coils) . 
The Weight of Steam which passes TEN Tales in 
one hour i 


C. Double Bottoms and W. er Tool 
Their Transmission of Heat to Boiling TaantaR, a. ” 
Liquids which do not Boil 
IX. Evaporation in a Vacuum 
Lowering of the Boiling Point, Table 15 
The Transference of Heat 
X. The Multiple-effect Evaporator . 
A. The Evaporatwe Capacity of Bach ads Figs. 7 air 8 
The Consumption of Steam in Each Vessel, Figs. 9 and 
10. ; j £ i i a ; ; R : 
The Rise in the Boiling Point of the Lower Layers of 
Evaporating Liquids, Table 16 
The Steam Evolved in Each Vessel, Table 17. 
B. The Percentage of Dry Material in the Liquid in Each 
Vessel, Table 18 
XI. Multiple-effect Evaporators, from En rs an is 
taken 
A. The Evaporatwe oe of Bach Wossel, Table 19, Fig. 11. 
B. The Strength of the Liqwid in Each Vessel, Tables 20 and 21 
XII. The Weight of Water which must be Evaporated from 100 
kilos. of Liquor in order to bring its Original Per- 
centage of Solids from 1-25 per cent. up to 20-70 per 
cent., Table 22 5 
XILl. The Relative Proportion of the Heating Surfaces in ‚the 
Elements of the Multiple Evaporator and their Real 
Dimensions : : , 
XIV. The Pressure Exerted by Önreite of Siem and Alr pa 
Floating Drops of Water, Table 23 
XV. The Motion of Floating Drops of Water, upon isch Disse 
Currents of Steam 
A. Vertical Currents of Steam upon Hallig Dr ops ; 
B. Horizontal or Inclined Steam Currents Meet Falling Drops, 
Fig. 12, Table 24 
GC. A Vertical Current of Steam Modisr a Dre op a n Oil 
Fig. 13, Table 25 
XVI. The Splashing of Evaporating Tarodda . 
A. The Height to which the Splashes Rise when the Devon of 
Steam acts on them i 
B. The Height to which the Splashes re oh the Yilkrant of 
Steam does not act on them 
1. Steam Heaters, with Vertical Heating Taken, Table 96, 
2: 0012 30 Da BZ 


PAGE 
45 


49 
53 
54 
55 
ö6 
59 
60 
62 
63 


67 


72 
76 


38 
95 


96 
101 


109 


TABLE OF CONTENTS. xI 


CHAPTER PÄGE 
BOYT. 9. Steam Heaters in the Form of Coils and Double Bot- 
toms, and with Open Fire, Table 27. 5 : . 188 
C. The Influence of the Current of Steam on Projected Drops . 1öl 
D. The Action of the Current of Steam on Projected Bubbles of 
Liquid (Hollow Drops), and Means for avoiding their 
Loss, Table 28 ; E 155. 
E. The Increase in Volume of Rising Stedı Bates, Table 29. 160 


XVII. The Diameter of Pipes for Steam, Alcohol Vapour and Air. 161 


A. For Steam . . 161 
Comparison of the suis of Ihe Mori 0 hi 

and Fischer and Gutermuth, Table 30 . i ; 162 
Velocity of Steam in Pipes 20 m. long, with 0'5 per ei 

loss of pressure, Table 31 k i 167 
The Weight of Steam which passes Hey fbrongh Be 

Pipes, Table 32 ; . ; i : » 3168 

B. The Mixtures of Alcohol and Waler Vareare : 172 


The Velocity of the Vapour of Aqueous Alcohol in Tubes 
3 m. long, with 0'5 per cent. loss of pressure, Table 3 172 
The Weight of the Vapour which passes Be through 
the Tubes, Table 34 N i : : e .. 
C. For Lir . £ 173 
The Velocity voich which Men passes han es ar 
0°5 per cent. loss of pressure, and the hourly Weight, 
Table 35 . . , ; ; h . 176: 
XVIlI. The Diameter of Water Pipes, Table 36 : : 178 
XIX. The Loss of Heat from Apparatus and Pipes to in Bu 
rounding Air, and Means for Preventing the Escape 190 


A. The Loss of Heat . . - 2190 
1. According to E. Peclet’s efäree Table 37 : = a9ı 
Comparison of the Results of iment and Calcula- 
tion, Table 38 : j ... 196 
The Loss of Heat per running m. of Bine, and per sq« 197 
m. of Surface, Table 39 ; ; r . 200 
2. According to more modern formul, Mable 40 ; .. 204 
The Loss of Heat from the Multiple-effect Evaporator 204 
B. Means for Preventing the Loss of Heat . - ß N . 205 
XX. Condensers 2 A k ; : £ i \ : N = o0N 
A. Jet Condensers ; r ; . ; ; ; . 208 
1. General, Figs. 14, 15 ; s . 209 
2. The Necessary Quantity of Gosling WAheR, Table 41 . 212 
3. The Diameter of the Water-supply Pipe . 213 
4. The Waste-water Pipe (Fall-Pipe) of the De ö- 
denser, Table 42. ’ als 
5. The Distribution of the Wäter in ih Gahänger: ag 


(a) By Means of Overflows, Fig. 16, Table 43 2 
(b) By Means of Sieves, Table 44 . ; ; . 220 


xl TABLE OF CONTENTS. 


CHAPTER 
xx. 6. The Diameter of the Steam Pipe . 
. The Diameter of the Air Pipe 
8. The Heating of the Injected Water 
Comparison of the Surface and Volume of es of 
Water, Table 45. 
The. Depth to which the lat anna ie the 
Water, Table .46 
9. The Volumes occupied by 1 teile: of Kr m en 
Pressures and Temperatures, Table 47 
10. The Time of Fall of the Injected Water, Table 48 
11. The Dimensions of Wet (Parallel-Current) Jet-Con- 
densers, Table 49 . F ; i : 
12. The Dimensions of the Dry (Counter-Current) Fall- 
Pipe Jet-Condenser, Table 51 
The Heating of the Water Spray in Step Golan 
Table 50 ’ : : i i 
B. Surface Condensers (Cooler SW ; 
1. Enclosed Surface Condensers with Waker Gooling, Arge, 
17, 18,19 
(a) The Temperature Difleränaek, Table 52. 
In Condensing 
In Cooling 
(db) The Coefficients of rare of Eat ke Ber i. 
In Condensing, Table 53 . 
In Cooling 
(c) The Condensing er Ace Aiefgnen, Table 54 
The Weights of Vapours and Air which hourly pass 
through Pipes of 10-100 mm. diameter, Table 55 
The Weight of Water which hourly rises in Vessels 
of 300-1250 mm. diameter, Table 56 
(d) The Dimensions, d and /, of the Condensing sh 
Cooling Tubes, Table 57 
Examples of the Dimensions of the Tuben, Table 
58 
2. Closed Seurfabe- 00 ER ON dä a Obolih, Tiakles 59, 
60 E . ; j . i x 
3. Open Surface-Condensers, Table 61 
XXI. Heating Liquids by Means of Steam 
A. Steam Heating Ooils in the Liqwid 
1. The Liquid is not changed 
Without stirring, Table 62 
With stirring . 
2. A Continuous Öurrent, in ‚eat ah, of the Tanmiä 
B. Steam Vessels with Double Bottoms 
Without Stirrers 
With Stirrers 


-] 


TABLE OF CONTENTS. x11 


CHAPTER . PAGE 
RAT. C. The Liquid flows through Tubes around which Steam is at rest, 
Table 63 ö a ’ : i . i f .. 298 
XXI. The Cooling of Liquids LE Ne ra 
A. The Direct Introduction of Ice ; $ i f ' „ OL 
B. The Direct Addition of Cold to Hot Liqwid . ’ - . 302 
C. By Partial Evaporation ’ i ; ß : : . 8302 
D. By Means of a Colder Liquid “ ; . 303 
1. Continuous Counter-Öurrents, Tables 64, 65, 66 ; . 304 
2. Periodice Cooling, Table 67 . © - ’ ; . 314 
E. Open Surface-Ooolers . ; y „ Bl 
F. By Contact with Metallie Sur as old by At : ; . 323 
G. Direct Cooling by Means of Air, Tables 69, 70 . j . 8323 
H. Cooling Air by Means of Water, Table 71 . 335 
XXIII. The Volumes to be Exhausted sa Anden sy ine 
Air-Pumps - ä S r R : 339 
A. General . ’ ; F .. 389 
B. The Volume of Avr bo be Eiohanısie from 2 Wi IE Dinar, 
Table 722 . 341 
C. The Volume of Air 5 be ea rom Dr al er Es 
Condensers, Table 73 . \ ; 352 


D. The Volume of Avr to be Exhausted from Se dimoners 375 
XXIV. A Few Remarks on Air-Pumps and the Vacua they Produce 377 


A. Flap-Valve Air-Pumps . r : ; ; ; 5 2 Bi 
B. Slide-Valve Air-Pumps, Table 74 . B ; : : 318 
XXV. The Volumetrice Efliciency of Air-Pumps . : ’ r .. 382 
A. Air-Pumps without Equalisation of Pressure ’ r . 382 


B. Air-Pumps with Equalisation of Pressure, Table 75 . . 384 
XXVI. The Volumes of Air which must be Exhausted from a Vessel 
in order to Reduce its Original Pressure to a Certain 


Lower Pressure, Table 76 . f f ö ; ; .. 394 
InDEx } i ‚ . g : . A e x f ß i .. 398 


Er 





ee 


18. 


19, 


20. 


LIST OF TABLE». 


. Mean Temperature Differences 

. Comparison of Heating Surfaces with Be and Opposite en 

. The Properties of Certain Fuels ü 

. Heating Surface required to heat 100 kilos. e acer in ih Ohinney 


from 10° to 80°-130° C. 


. Expenditure of Heat in order to rerhaar 100 Tales. of ea from 


100° ©. through 100° to 600° C. 


. The Volumes of 1 kilo. of Saperhenfkd Steam . 
. Heating Surface required for us 100 kilos. of Sean ihronen 


50° to 200° C. 


. The Quantity of Steam Supsaheahed in one Bor Be 1 sq. m. ui Super, 


heating Surface . 


. The Properties of Saturated en ; e ; 
. Decrease in the Coefficient of Transmission or Hank, k, a increasing 


thiekness of the Metal Wall 


. Comparison of the Coefficients of Transmission of ent, k, en Gormen, 


Iron and Lead Pipes . 


. The Coefficient of Transmission of Hear, 5 kehwain Sehen ur Boiling 


Water 


. The Hourly Beeren of Water be Haan of Gopper Me 
. The Weight of Steam which passes er Valves in one hour with a 


velocity of 30 m. 


. The Boiling Points of Certain ar in a Vhoduin 
. The Increase in the Vapour Pressure and Rise of the Bölline Point in 


the Lower Layers of Evaporating Liquids 


. The Weight of Steam evolved in the separate Vessels of m Atultiple 


effect (without Extra Steam) 

The Amount of Evaporation, and Baksankige & Diy Matter in he 
Liquid, in Each Vessel of the Multiple Evaporator (without Extra 
Steam) 

The Weight of Steam Brodusenh in Bach Fessel of a Multiple Bvaporato, 
when Eitra Steam is taken out 

Percentage of Solids in the Liquid in Each eat, when d- 95 per Hei, 
of Extra Steam is withdrawn from the first 


sl 


90 


100 


103 


xXVvi LIST OF TABLES. 
NO, PAGE 
21. The Percentage of Solids in Liquors from which 1-38 per cent. of Water 

has been taken . 5 106 


[86) 
188) 


. The Weight of Water which eh “ en er 100 a of 
Liquid in order to bring its Original Percentage of Solids to a 
desired Higher Percentage ; 110 

23. The Velocities at which Currents of an Air and) Anrhorik Ya a 

upon drops of Water a pressure equal to, and double, their weight 120 

24. The Velocities of the Currents of Gas and Steam which, acting upwards 

at angles of 30°, 45° and 60° on floating drops, drive them in a hori- 


zontal direction . ; R 127 
25. Permissible Ratio of Pressure, ae I Öle of Er und en 
upon Drops of Water, to Weight of Drops ; 131 


26. The Veloeities with which Boiling Liquids are Aids From Veran 
Heating Tubes, and the Heights to which they Rise above the 


Level (h,) . ; i e .. 18% 
27. Velocity of the Steam in the Base Are of ven Evans . 153 
28. The Foam Separator of Ger. Pat., 70,022, Diameter of the Central Pipe 

and of the outer Vessel . } . IST 
29. The Increase in Volume of the Steam Br lich ET in Bohn 

Liquids ; i ; f R : ' a . 160 
30. The Loss of Pressure by Sem: in Bo R Ä A a ; E . 164 
31. The Velocity of Steam in Pipes ; 167 
32. The Weight of Steam which passes in one side nofierh Biobr of 05- 900 

mm. Diameter . » i F ,. 166 
33. The Velocity of the Vapour of Rieger an in Pipdn . 170 
34. The Weight of the Vapour of Aqueous Alcohol which passes in one one 

through Pipes of 40-250 mm. Diameter . . 174 
35. The Weight of Air which passes in one hour through Bi of 40- 350 

mm. Diameter . : 176 
36. The Quantity of Water which Mama in one Ka rate ee of 30- 995 

mm. Diameter . ; 182 
37. The Loss of Heat by Readlakon ae ons be Piaha BER 

Cylindrical Surfaces, according to P£clet E i . £ . 198 
38. Results of Experiments on Loss of Heat . ö ; : ; .. 98 
39. The Loss of Heat from Pipes and Cylinders (Peelet) b ; 200 
40. The Loss of Heat from Hot Surfaces per sq. m. per hour, eelkeälaked by 

Dulong and Petit’s formula . . 205 
41. The Weight of Cooling Water required ie Göritiense 1 kilo. of Shen . 214 
42. The Height of the Fall-Pipe of the Dry Jet-Condenser . ' « ... 2iG 
43. The Quantity of Water which Flows in one hour over Sills . ' 221. 


44. The Quantity of Water which Flows in one hour through Holes of 2- 10 

mm. Diameter, and the number of Holes required to pass 4-300 cub. 

m. of Water in one hour . . 223 
45. The Surface and Volume, and their Ratio, of Falling PR org Ei 

Jets and Drops of Water . j . . . ö . n . 287 


68. 
69. 


LIST OF TABLES. 


E The Heating of Sheets, Jets and Drops of Water by direct contact with 


Steam 


. The Volumes of 1 1a. of Barenelt ‚An at 50. 60° ‚er 

. The Heights of Free Fall in 0'05-1'7 seconds 

. Dimensions of the Wet Jet-Condenser, without Steps 

. The Fraction by which the Original Temperature Deren been 


Steam and Jets of Water is diminished in Dry Counter-Öurrent 
Jet-Condensers 


. The Dimensions of the Dry Berner Akmtent (Fall- Pipe) gel Donner 
. The Temperature Difference between Steam and Cooling Water, and 


between Condensed Liquid and Cooling Water in Enclosed Surface- 
Condensers 


. The Coefficient of naar of Heat Dan en aa Water 


which does not Boil . 


. The Cooling Surfaces required to dondlenge aa OBal aan amd Mockıo 


Vapour, Parts I, and II. 


. The Weights of Vapour and Air which pass per hat Bronan Tubes of 
10-100 mm, Diameter, with a velocity of 1 m. 

. The Weight of Water which Rises in one hour in Vessels of 300- 1950 
mm. Diameter, at a velocity of 0'001 m. , ; ‚ , , 

. Length /1 i 

. The Ratio Derzter ( 4) of Copper Condenser Tubes : : 

. Examples of the Dimensions of Condenser and Cooler Tubes . ; ; 

. The Volumes of 1 kilo. of Dry Air at 760 mm. SU and Tempera- 
tures from 20° to 400° C, . i 

‚ The Cooling Surfaces which Abstract 1, .000 Delaries N: tete > Air 


Colin . : 5 ; , 5 . 


. The Cooling Surfaces of Oben Sta dondnsai ‘ 
. The Quantities of Heat and Weights of Steam required ie Heat 100 


kilos. of Water through a definite Range of Temperature 


. The Heating Surfaces Requisite for Heating 1,000 litres of Water per 


hour by Means of Steam at rest 


. The Coefficient of Transmission of heat, /;, en Two Talents ich 


do not Boil 


. The Length of a Cooling Pipe of 10- 70 mm. Dein, sieh ite Tniheriael 


Cooling Surface is 0'25-7 sq. m. 


. (a) The Volumes of Liquid which pass in one ku Uhrotieh Tubes 08 


10-30 mm. Diameter, at velocities of 0'02-0'4 m. 
(b) The Lengths of Pipe necessary for Cooling a Liquid Abnkinnoheiy 


. In Periodie Cooling: the Temperature Difference, Consumption of 


Cooling Water and Cooling Surface 

The Cooling Surface of Open Surface-Coolers . 

The Quantity of Heat Absorbed by 1 kilo. of Air in eos Hobien, 
and by Evaporating Water, the Weight and Volume of Air 
necessary to Abstract 1,000 Calories P 


b 


261 


265 


268 


275 


275 


277 
280 


284 


287 
290 


295 


299 


304 


307 


308 
308 


317 
320 


326 


xvil LIST OF TABLES. 


70. 


76. 


Example of the Direct Cooling of Water by Means of Air 


. The Cooling of Air by Water: the Temperature Difference, Consump- 


tion of Heat and Cooling Surface . 


2. The Consumption of Cooling Water and Volumes of che m be Hehnisiph 


in Condensing 100 kilos. of Steam in Wet Jet-Condensers 


. The Consumption of Cooling Water and Volume of Air to be Behaeiel 


in Condensing 100 kilos. of Steam in Dry Jet-Condensers 


. The Lowest Pressures which can be attained by Means of Air-Pumps, 


with and without Equalisation of Pressure 


. Isothermal and Adiabatic Values of er and the Volumetric Efficieney 


o 


of Air-Pumps, Parts I. and II. 
The Volumes which must be Exhausted from ER in Be to Bedıs 


the Original Internal Pressure of 1 atmos. to a Definite Lower 
Pressure 


PAGE 
332 


337 


344 


354 


380 


386 


396 


THE METRIC AND BRITISH SYSTEMS. 
TABLE OF COMPARISON. 























Deci- | Centi- | Milli- x Deei- | Centi- | Milli- + 
Metres. | metres. |metres.|metres. Inches. [Metres. metres.'metres.) metres. | Inches. 
01 | 01 1 1 :039 :06 Do u ;) 60 2-362 
0022 | 02 N 9, 079 07 af 1 70 2796 
‘003 03 say \ 3 118 08 se 8 s0 51580 
-004 04 4| 4 om 09 2) ı 9 90 ı 3543 | 
005 05 5 5 197 li al 10 100 3:94 
006 06 6 6 -236 ‘2 2 20 200 RB 
007 07 27 7 276 23) 3 30 300 1181 
008 08 421) 8 Build) +4 4 40 400 ılayırla, 
:009 09 9 9 354 | 5 5 50 500 | 19:69 | 
01 al al 10 394 6 6 60 600 23:62 
02 2 2 20 787 Sl 7 70 700 27:56 
03 =) 3 30 allen >) f6) s0 800 31:50 
04 ‘4 4 40 1'578 OR 9 90 900 3543 
05 5 5) 50 1'968 1l 10 100 1,000 39:37 | 

| 




















WEIGHT. 
1 gramme = 15'44 grains. 
281 grammes 1 oz. avoird. 
1 kilogramme = 1,000 ce 2:20 Ib. avoird. 


LENGTH. 

1 metre = 100 centimetres = 39:37 inches. Roughly speaking, 1 metre = & 
yard and a tenth. 1 centimetre = two-fifths of an inch. 1 kilometre = 1,000 
metres = five-eighths of a mile. 

VOLUME. 

1 cubie metre = 1,000 litres = 35°32 cubic feet. 1 litre = 1,000 cubie centi- 
metres = 2202 gall. 

Hear. 

1 calorie = 3'96 British thermal units. 





COMPARISON BETWEEN FAHRENHEIT AND 
CENTIGRADE THERMOMFTERS. 
































c. F. C F. &% F. & F. C. F. 
-25 18 5 41 25 a 65 | 149 105 221 
- 20 A 8 464 30 86 70 | 158 110 230 
2 14| 10 | 50 35 95 76 \ laT 115 239 
15 5 12 53-6 40 | 104 80: 1.176 120 248 
0 14 15 59 45 113 85 | 185 125 257 
=.5 33 17 62:6 50 122 90 | 194 130 266 

0 32 18 644 55 131 95 | 203 135 275 
1 3381 20 | 68 60 140 | 100 | 212 140 284 
To Convert :— 


Degrees C. to Degrees F., multiply by 9, divide by 5, then add 32. 
R Een F. to Degrees C., first subtract 32, then multiply by 5 and divide 
y9. 





SYMBOLS AND CONTRACTIONS. 


Atmos. = atmospheres. 


a 
a 


B 
b 


B 


C 


— volume, in litres, of 1 kilo. of air. 
— coefficient of expansion of air. 


n 
F 


= height of the barometer in metres | 7, 


of water. 
— height of the barometer in mm. of 
mercury. 


— theratio e 


9 
_ useful volume of the air-pump 


volume of vessel 
calories. 





Il 


” 


in condensing. 
„ heating. 
; „ cooling. 
Ce + CO, calories removed by air. 
calories in evaporating. 
ın Cr Om = losses of heat, in 
calories, by the elements of the 
quadruple-effect evaporator. 


„ 


Sn 


— total heat in 1 kilo. of water vapour. 


Cy €, €, C, = heat in 1 kilo. of steam in 


Dia. 


D 
D, 


d 
A 
ö 


E 


the elements of the quadruple 
evaporator. 
diameter. 
weight of steam, in kilos. 
total weight of extra steam in 
the multiple evaporator. 
diameter in metres. 
diameter of the condenser. 
= thickness of a plate of metal, 
film, jet or drop of water, in 
mm. 


ol 


IM 


vr _ 
7 = 
the air-pump. 

weight of extra steam, in kilos., 
withdrawn from the elements 
of the multiple effect evapora- 
tor. 

= weight of ice in kilos. 


dead space 


_—— o 
useful volume 


the ratio 


l 





#7 


kilo. 


— depth, in mm., to which heat 
penetrates into a body of water. 
weight of a liquid, in kilos. 
of the cold liquid. 
of the warm liquid. 
„  ofadropin kilos. 
acceleration due to gravity. 


weight, in kilos., of 1 cubic metre 


„’ 


” 


of steam. 

= weight, in kilos., of 1 c. metre of 
air. 

— heating or cooling surface in sq. 
metres. 


height of the water-barometer. 

cooling surface for condensing. 

heating surface for warming. 

cooling surface for cooling. 

heating surface for evaporating. 

vertical height (fall) in metres. 

head of water. 

height of splash of evaporating 
liquids. 

space traversed by the piston of 
the air-pump. 

volume of a mass of water, in 
cub. mm. 

coefficient of transmission of 
heat, for 1sq. m., 1 hour, 1°C. 

coefficient of transmission of 
heat in condensing. 

coefficient of transmission of 
heat in heating. 

coefficient of transmission of 
heat in cooling. 

coefficient of transmission 
heat in evaporating. 

coefficient of transmission of 
heat between air and steam or 
water. 

— kilogram. 

— weight of air in kilos. 


Te a u 


Il 


Il 


of 


Il 


xxll 


= length in metres. 

l = „ offall-pipe in metres. 

A = coefficient of conduction of 
heat 

A = coefficient of frietion in tubes, 

m. = metre. 

mm. = millimetre. 

n = number of holes in the per- 
forated plate. 

@) = surface in sq. metres. 

o = „ of a mass of water in 
sq. mm. 

p = pressure in kilos. 

p — 0 ra Panda em, 

— „ of the atmosphere. 

Pe = final pressure in the vessel. 

Pn = pressure in the air-pump after 
n half strokes. 

2 = the lowest pressure which the 
air-pump can create. 

Ps = pressure in the air-pump after 
equalisation of pressure. 

pP, = Pressure in the air-pump after 
an infinite number of strokes. 

@) = section or plane surface in sq. 
m. 

q = section of a pipe in sq. cms. 

# = percentage of solids in a liquid. 

"], 79, Y,, 7, = percentage strengths of 
the liquor in the elements of 
the quadruple effect. 

Fu = percentage strength of the eva- 
porated liquid. 

sq. cm. = square centimetre. 

sq. dem. = „ decimetre. 

BB: =.  4r;, Mielre, 

s = space traversed by a falling body 
in m. 

Sa = Specific gravity of steam at con- 
stant pressure. 

5 = specific gravity of the liquid. 

S» = Space traversed by a drop under 
the action of a force. 

5» = Space traversed by a drop under 
the action of the force P. 

oa = Specific heat of steam. 

Te Zu „ 370.33 ice. 

on = 47 93 a liquid. 

im = u » » & second liquid. 

%, = Br »„ „ air at constant 
pressure. 

0, = specific heat of the cold liquid. 

u = „ E 9» hot ” 

r. = E »„ » air at constant 
volume. 

T = absolute temperature. 

t = temperature in °C. 


SYMBOLS AND CONTRACTIONS. 


temperature at commencement. 
„ end. 

of steam. 

„ liquid. 

at thecom- 


”„ 


” 


” 


I N 


” ”’ ch} 
mencement. 
temperature of liquid at the end. 
„ the cold liquid. 

„ hot 

„ 08 air 
commencement. 
temperature of air at the end. 
mean temperature. 
temperature of the cold liquid at 
the commencement. 
temperature of the cold liquid at 
the end. 
temperature at the bottom of the 
evaporating apparatus. 
9, ta, t, = temperatures of the 
steam in the elements of the 
quadruple effect. 
mean increase in temperature. 
mean increase in temperature of 
a jet of water. 

mean increase in temperature of 
a drop of water. 

mean increase in temperature of 
a water surface (sheet). 

temperature difference. 

at the com- 


” 


„ ’ „ 


at the 


el 


Il 


I. 


I 


FR: 


Ill 


” 


„ 
mencement. 
temperature difference at the 
end. 
mean temperature difference. 


Il 


„ „ in 
condensing. ; 

mean temperature difference in 
cooling. 

On, Omz Omy = mean temperature 
differences in the elements of 
the quadruple eflect. 

— the residual weight of an evapo- 
rated liquid. 

— volume of the ‘“equaliser” chan- 

nel of the air-pump. 

volumes of the steam in litres. 

„ Liquid „ _„ 

„ steam and liquid 


be} 


” „ 


„ „, 
in litres. 
volume of a vessel in litres. 
„ theair. 
dead spaces of the 


pump. 
— volume of water in litres. 
— velocity in metres. 

of the steam. 


” „ 


2] 





—— 
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SYMBOLS AND CONTRACTIONS. xx1ll 


velocity of a liquid. 2d 
7 „» „, second liquid. 21 
“ „ the air. zn 
R „ & drop. 25 
r „ the water. Xva 


weight of water in kilos. 
the weight of water evaporated |xvi 
by 1 sq. m. of heating surface. 


loss of pressure of steam in pipes. 
„’ „ „ „ air ’ „ 
time in hours. 
25 seconds: 
volumetric efficiency of the air- 
pump (adiabatic). 
= volumetric efficieney of the air- 
pump (isothermal). 


Al 





CHAPTER I. 


THE COEFFICIENT OF TRANSMISSION OF HEAT, k, AND THE 
MEAN TEMPERATURE DIFFERENCE, 6,. 


Tue unit of heat, the calorie, is the quantity of heat required to heat 
1 kilo. of water through 1°C. The necessary number of units of heat,. 
or calories, in each case will be represented in what follows by the: 
symbol ©. 

The coefficient of transmission of heat is the figure which gives: 
the number of units of heat (calories) which pass in one hour from a. 
warmer to a colder fluid through 1 sq. m. of the partition (or of surface,. 
in case of direet contact) when the difference in temperature between 
the warmer and colder fluids is 1° C. This coefficient is represented. 
by k. Without a knowledge of this quantity the calculation of the: 
necessary heating and cooling surface in any case is impossible. Its: 
magnitude varies greatly in different cases, but unfortunately it has; 
not been found for every case by exact experiment. It will be a part 
of our task to fix it for various conditions, according to known and 
reliable data or on the ground of the author’s own observations, so far 
as the present state of knowledge permits. 


It is generally assumed that the transmission of heat between 
steam, gases and liquids, through metal divisions, is proportional to 
the difference in temperature between the substances on each side of the 
hot surface. However, the temperature of the substances themselves 
is not always the same at all parts of the hot surface, for high pressure 
steam loses a portion of its pressure and temperature towards the end 
of the hot surface ; gases or liquids in motion, heating or being heated, 
enter cold and leave hot. The differences in temperature, acting on 
one another, generally alter the temperature of one or both of the 
liquids under consideration. 


ii 


2 EVAPORATING AND CONDENSING APPARATUS. 


In the caleulation only one temperature can be used and that is the 
mean; hence it is necessary to ascertain what is the mean difference 
in temperature in each case between the heating and the heated sub- 
stance. The mean temperature difference is not perhaps always the 
arithmetic mean of the least and greatest temperature difference, that 












is rather only to some extent correct when the least temperature 
difference is at least half as large as the largest. Thus, in general, the 
arithmetic mean between the smallest and largest temperature differ- 
‚ences cannot be taken as the correct mean temperature difference. 
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Let t,, denote the initial temperature, t,. the final temperature of 
the warmer liquid ; and £,, the initial, i,. the final temperature of the 
colder liquid. Then four separate cases may oceur :— | 

1. The warmer liquid has the constant temperature d,, = tb. =, 
and the colder liquid changes from t,, to t,. (Fig. 1). 

3. The colder liquid has the constant temperature t,, = tu, = bı and 
the hotter liquid changes from t,, to b. (Fig. 2). 





THE MEAN TEMPERATURE DIFFERENCE. B) 


3. Both liquids change in temperature ; they flow parallel to one 
En over the two sides of the hot surface (parallel currents) ; 
changes to t,,, and t,. to ti. (Fig. 3). 


Der 





















































IRire, Bi 


4. Both liquids change in temperature; they flow in opposite 
direetions over the hot surface (opposite currents) ; the temperatures 
change as in 3 (Fig. 4). 














HIT 


The mean difference in temperature between the liquids is then, 
according to Grashof, Theoretische Maschinenlehre I. :— 
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4 EVAPORATING AND CONDENSING APPARATUS. 


If 6, = the difference in temperature between the two liquids at 
the commencement, and 
9. = the difference in temperature between the two liquids at 
the end, 
then it may at once be seen, by a glance at the four diagrams (Figs. 
1-4), that the four equations may be written !:— 


PR 
ER 1 I AR En 


Me a 1 
a 


0, = Ee : . . . . . . . . (8) 


The equations thus all become alike, by which the determination of 
the mean temperature difference for all cases is considerably facilitated. 
Now we may evidently express the smaller difference in tempera- 
ture as a fraction or percentage of the larger. If we suppose' the 
larger temperature difference to be 6,, which is manifestly permissible, 
and the smaller 6, then 


Res 
9. = 1000 2 in ae = Be 
and the equation applicable in all cases then reads 
6 (1 ® in) 
2 100 
Om > le . . . . . . . (10) 
0g ö 


By means of equation (10) we can obtain the mean difference in 
temperature 6, between two fluids, each of which is occupied in 
modifying the temperature of the other, if the largest difference in 
temperature at their first contact, @,, and the smallest difference in 
temperature at the end of contact, 6,, are known, by first determining, 
what percentage of 6, is the difference 6,. 


1 In Figs. 1-4 the character ‚$ is used in place of the @ in the text. 





THE MEAN TEMPERATURE DIFFERENCE. 5 


Example. —In an opposite current condenser the cold liquid enters at 
ta = 10°:C. and leaves at t.= 80° C. The hot liquid enters ab tus = 100° C. 
and leaves at 4. = 50° C.; what is the mean difference in temperature 0m? 

The largest difference in temperature is 0, = 50° - 10° = 40°; the smallest 
- difference in temperature is 9, = 100° — 80° = 20°; thus 





0. is er Ne 50 per cent. of 0,, or p = 50. 
50 
40 (1 IR 
100 20 En 
Then On 0 a 29 ©. 
log 50 


In Table 1 are given the values of the mean difference in tempera- 
ture 9,, for the case that the largest difference in temperature 6, = 1 
and the smallest @, = 0'016, to 1'006,. In any individual case, in 
order to find the correct mean temperature difference, it is only 
necessary to multiply the proper figure of column 4 by the greatest 
temperature difference ®, of the particular case. 


The mean difference in temperature of two fluids in motion, 
engaged in an exchange of heat, may also be obtained in the following 
manner :— 

If we consider the whole heating or cooling surface (surface of 
separation) divided into n parts, in such a manner that the moving 
fluids are in contact with each part during an equal time (the nth part 
of the whole duration of contact z), then the increase in temperature 
of the colder fluid is directly proportional to the difference in tempera- 
ture in each division. 


If, in the first division, during the time rn at the temperature 


difference 6,, this difference is diminished by the part x9,, then in 


the second division the diminution of the difference in temperature 
will be 


== ed =-D . 3a va 
In the third division the deerease in the temperature difference will be 
,=9-94,-%91-)=4(l-2% .. . (2) 


Similarly, in the fourth 


6, 
and in the last or nth layer 


ee) 
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6 EVAPORATING AND CONDENSING APPARATUS, 


Since in each division the increase or decrease of temperature is 
always only a fraction of the total difference, it follows that in the 
last division only a part of the still remaining difference in tempera- 
ture will be removed, so that complete equalisation of the tempera- 
tures of the two fluids cannot occur according to this finite conception. 

If we suppose that the final difference in temperature between the 
liquids is 6,, then 0, - 6, is the sum of the diminutions of the tempera- 
ture difference produced in the n divisions. Thus 

06,-9,=29,11+(1-2)+(1-2%+(l-8)+...+(1-@)"N (15) 
or, summing the geometrical progression, 
%,-9%, ld-#r-3 Al - De - DR, Ed 





Semi s = 
ee = n (16) 
therefore = (a 
(1-2)= Sn a ee 


n [6 
za ll = e 
Un sl 6, . . . . . . . (19) 


The figure x (always a proper fraction) gives the fraction of 6, by 
which the temperature difference has been diminished at the end of 
the first layer. 

As will be seen later, there is a reason for ascertaining the value 
of (1 - x) and for knowing the temperature difference even at the end 
of the first layer. These values are accordingly given in Table 1, 
columns 2 and 3. 

The value of 4, may be expressed as a percentage of 6,, thus in 
Table 1 the figures are given for = under the assumption of n = 100 
layers, which affords a very close approximation to reality. 

After finding in this manner the diminution in the difference of 
temperature in the first layer, x6,, it is necessary to find the average 
temperature difference between the fluids during the whole period of 
the transference of heat. 

At the commencement of the uppermost layer the temperature 

differenee =#, ..:% „. @O) 
next lower layer the tempera- 
ture difference = ®@, = 6, - 6,% 
ALM re 
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0:0025 
0:005 
0:01 
0:02 
0:03 
0:04 
0:05 
0:06 
0:07 
0:08 
0:09 
0:10 
Ya 
0:12 
0:13 
0:14 
0:15 
0:16 
O-1T 
0:18 
0:19 








en 


n 0 
du 


09400 

09482 

09550 

09615 

096554 
096833 
0:97048 
0:97226 
0:97376 
0:97506 
0:97621 
0:97724 
097817 
0:97902 
0:97980 
098053 
0:98132 
0:98184 
098244 
098300 
0'98353 


TABLE 1]. 
The Mean Temperature Difference, ,, between two liquids (or be- 
tween steam or air and liquid), which alter their temperatures 
during the exchange of heat. 








TEMPERATURE DIFFERENCE. 

















3 4 | il 2 3 4 

= Mean en A Mean 

e AR 1IT., % . Vi Er 6, 2) 
ee Ba 
0:0600 | 0:166 | 0:20 | 0:98404 | 0:01596 | 0500 
0:0518 10'188 | 0:21 | 098452 | 0:01548 | 0509 
0:0450 0215| 0:22 | 098497 | 0:01503 | 0:518 
0:03845 0251| 023 | 098541 | 0:01459 | 0:526 
003446  0:277 | 0:24 | 098583 | 0:01417 | 0:535 
0:03167  0:298 | 0:25 | 098623 | 0:01377 | 0:544 
0:02952 | 0:317 | 0:30 | 098802 | 0:01198 | 0:583 
0:02773 | 0'335 | 0:35 | 098957 | 0:01043 | 0:624 
002624 0'352 1 040 | 099088 | 0:00912 | 0'658 
0:02494 0'368 | 0:45 | 0:99205 | 0:00795 | 0:693 
002379 | 0:378 | 0:50 | 0:99309 | 0:00691 | 0:724 
0:02276  0:391 | 0:55 | 099404 | 0:00596 | 0:756 
0:02183 | 0:405 | 0:60 | 0:99491 | 0:00509 | 0:786 
0:02098 | 0:418 | 0:65 | 0:99570 | 0:00430 | 0815 
0:02020 | 0:430 | 0:70 | 099644 | 0:00356 | 0:843 
0:01947 | 0:440 | 0:75 | 099713 | 0:00287 | 0872 
0:01868 | 0:451 | 0:80 | 099777 | 0:00223 | 0:897 
0-01816 | 0461 | 0:85 | 0:99837 | 0:00162 | 0921 
0:01756 | 0:466 | 0:90 '| 0:99895 | 0:00105 | 0:953 
0:01701 | 0'478 | 095 | 099949 | 0:00051 | 0:982 
0:01647 | 0'489 | 1:00 | 1:00000 | 0:00000 | 1:000 











ee TE "NEE VRR EIBEENERD. Si VEBFERREERGENS VENERERE.:, 
At the commencement of the third layer the temperature differ- 
ence = 4, = d,(1 - m)? 


„ „ 


„ „ ’ 


The sum of the temperature differences is thus 
S=-Al+A- DHL -MPHAl- DE... + (a 
and the mean temperature difference is the nth part of this sum. 


NEE 


6.41 - ©” - 1} 





n/(l = x - Ir 


(22) 


last layer the temperature differ- 
ence=6d,=6,_,(1 - ©)” 


(23) 


(2 
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Inserting for (1 - x)” the value from equation (17), we obtain 
6, G E = 
n len) Br 


Since = is always a proper fraction, the right hand side may be 


(26) 


multiplied by - 1, thus giving 


N De N 
ED 


The results obtained by caleulating the mean temperature differ- 
ence by means of equation (27) differ very little from those given by 
equation (10). They are arranged in Table 1, column 4. 


. (27) 





CHAPTER II. 
PARALLEL AND OPPOSITE CURRENTS. 


Two liquids, gases or vapours, one of which is to transfer heat to 
the other, may be conducted either in the same or in opposite direc- 
tions over the surface of separation. If the two fluids move parallel 
to one another in the same direction, the condition is known as that 
of “ parallel currents ”. 

If, however, they move in opposite directions the condition is 
that of “opposite currents '. 

In the case of parallel currents, the fluid to be cooled has its 
highest temperature at the commencement, the liquid to be heated 
its lowest temperature ; at the end the reverse is the case. 

In the case of opposite currents the fluid to be cooled and also 
that to be heated have their highest temperatures at one end, and 
their lowest temperatures at the other. 

In all cases the quantity of heat lost by one fluid is exactly the 
same a8 that gained by the other. 

If F', is the weight and o, the specific heat of the originally hot 
fluid, F, the weight and o, the specific heat of the originally cold 
fluid, and, further, if t,, and t,, be the highest and lowest tempera- 
tures of the originally hot fluid and £,, and i,, the highest and lowest 
temperatures of the originally cold fluid, then, always, 

Fo lbon = Eon) = uote 7= &.n) aha si (28) 

Thus the weight of cooling liquid, F',, necessary to cool the weight 
F', of the hot fluid from t,, to t,, 18 
2 ol = un) 
= lan ge ba) 

In every definite case F', 0, @% bun, ns Um, are known; the out- 
flow temperature t,, of the cooling liquid varies with its quantity, and 
this quantity is greater the lower t,, is. 





F; (29) 
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. In the case of opposite eurrents, the cooling medium may flow 
away at a temperature only slightly lower than the highest tempera- 
ture of the hot fluid. In the case of parallel eurrents the cooling 
medium must always run off at a temperature lower than the lowest 
temperature of the hot fluid. Thus t, is always lower with 
parallel than with opposite currents, accordingly it follows that, with 
parallel eurrents, much more cooling liquid (generally water) must 
be used than with opposite currents. 

Similarly, in order to heat a cold fluid F', by means of a hot fluid 
F,, much more hot fluid must be used with parallel than with 
opposite currents. 

In the case of parallel currents the greatest difference in tempera- 
ture occurs between the highest temperature of the hot and the 
lowest temperature of the cold liquid, the smallest difference in 
temperature between the lowest temperature of the warm and the 
highest temperature of the cold fluid. The first-named difference is 
the greatest which arises under any conditions, the second is always 
very much less, which is also the case with opposite ceurrents. Since 
with opposite currents the highest possible temperature difference can 
never oceur, it follows at once, in general, that the mean difference in 
temperature is greater with parallel than with opposite currents, and, 
consequently, that in the forıiner case the necessary heating or cooling 
surface may almost always be smaller than in the latter case. An 
opposite current apparatus is thus always larger than a parallel 
current apparatus, but is cheaper to work, and in particular, with 
similar materials, permits the attainment of the highest temperatures 
in heating apparatus and the lowest temperatures in cooling, which 
it is impossible to obtain with parallel currents. 

Heating and cooling apparatus should always be constructed for 
opposite currents. 

The following table (2) gives the dimensions of the hot surfaces 
necessary for cooling 100 kilos. of an aqueous liquid from 100° C. to 
50°, 40°, 30°, 20° and 15° C. by means of water at 10°C. The water 
is supposed to leave the parallel eurrents apparatus 5° below the 
temperature of the cooled liquid, and the opposite current apparatus 
at 80° ©. (i.e., 20° below the temperature of the hot liquid). 

Let us now consider an opposite eurrent apparatus, upon one side 
of which a liquid is cooled from 100° to 10°, whilst on the other side 
a larger quantity of another liquid of equal specific heat is heated 





PARALLEL AND OPPOSITE CURRENTS. ut 


\ Diene 2 


Dimensions of the heating surfaces with parallel and opposite 
eurrents. 


Parallel Currents. Opposite ÖOurrents. 





Final 

temp. 

of the 
cooling 
water. 


. Quantity 

of ı Cooling 
cooling surface. 
water. 


Quantity 
of Cooling 

| cooling surface.|, 

water. 








Litres. | Sq. m. . \ Litres. Sq. m. 


140 
240 
465 
1600 
4250 


























from 5° to 50°, the rates of flow of the two liquids being constant 
but unequal. Fig. 5 gives a representation of the proportion of 
Ema=100°90°80° 70° 60° 50° or 20° 20° bo 


| 
BENNY 0 32502520 15° 70 TR = Ixa 


< 2, 
p/ 
Ihe, 6% 


the sections of the cooling surface. In order to carry over equal 
quantities of heat in each section, those sections, which lie between 
small differences in temperature, must be much larger than those 
which lie between large differences in temperature. 


CHAPTER Ill. 
APPARATUS FOR HEATING WITH DIRECT FIRE. 


Isstauvatıons for heating with a direct fire are described in detail 
in many excellent works; in this place only a few important remarks 
will be briefly recapitulated. 

The weight of fuel burnt upon a certain grate in a definite time, 
the quantity of useful heat obtained therefrom, and that which passes 
through 1 sq. metre of the hot surface to be heated, the temperatures 
‚of the gases produced—in fact all the conditions, actions and results 
of a heating apparatus—are very variable, depending on the demands 
made upon it, the skill with which it is tended, and the quality of the 
materials. This is the more true, the smaller the apparatus. 

Since there is no intention to treat of firing in detail, the data 
collected in Table 3 must be regarded merely as useful landmarks. 

The quantity of heat passing in one hour through 1 sq. m. of boiler 
surface increases in direct proportion with the difference in tempera- 
ture between the liquid and the flue gases, and also probably with 
the square and cube root of the velocity with which the liquid and 
flue gases respectively pass along the wall. It diminishes, however, 
with the growth of the coating of soot and dust on the outside of the 
heating surface and of boiler-scale on the inside. 

The mean difference in temperature is naturally less, and the 
transmission of heat per hour through 1 sq. m. correspondingly less, 
the colder the flue gases leave the boiler, but the economy in fuel 
is then proportionately greater. | 

The true coefficients of transmission for this case are not yet 
known with sufficient accuracy ; many and varied experiments (which 
are still lacking) would be required to determine them. But a know- 
ledge of these figures would not be of very great service, since the 
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conditions which hinder the transmission of heat are very numerous 
and variable, and cannot be accurately taken into account either 
before or after construction. Thus it is necessary to be satisfied 
with applying the results of practical observations. 

If K be the coefficient of transmission of heat, which gives the 
number of units of heat (calories) passing through 1 sq. m. in one hour 
with the total difference in temperature, then we may reckon that with 
steam boilers X = 8,000 to 12,000 calories ; in the mean, X = 9,000 
calories. 

For heating surfaces, on which the liquid is not boiled, surrounded 
by the gases of combustion, X = 6,000 to 10,000 calories; in the 
mean, K = 7,000 calories. 

In the case of very small boiler surfaces, transmission of 18,000 - 
20,000 calories may occur, yet this high efficiency causes wet steam, 
and does not generally result in economy of fuel. 

Researches on the transmission of heat from flue gases and air to 
water which does not boil have been performed by Joule and Ser; 
they show that the transmission is probably proportional to the 
square root of the velocity of the gases or air, v, and that the 
coefficient k, for clean wrought-iron pipes is approximately 


,=16yvtok,=19Nü . . 0. (80) 


Having regard to the coating of the heating surface with sub- 
stances which hinder the transmission of heat, which always occurs 
in practice, we shall assume for this case the coefficient of transmission 


Be On a ea 


in so far as it refers to pure air. If the liquid is heated by flue gases, 
on account of the greater amount of coating in unfavourable cases, it 
is necessary to take 


8 500 FE, 


In the mean, for this case, k, may be taken as about 13. 

By means of this figure the following small table (4) has been 
calculated ; it shows how large the heating surface must be in order 
to heat in the boiler-flue, in one hour, 100 litres of water from 10° or 
15° to 80° or 130° C., when the flue gases reach the economiser at 
a temperature of 300°-400° C. and are there cooled to 150° or 300° by 
giving out heat, 
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TABLE 3. The Properties of 

e nn 

© =} 

S ; =’ 2 
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Weight of 1cub. m.- - kilos. |370- |260- |610- 740 — 
465, 8380| 700 
Temperature of the dame °C. | 1969 | 2149 | 2357 | 2595 | 2664 
Temperature with a double 
quantity of air- - - °C.800- '900- |900- |1000- |1000- 
1000 | 1200| 1200| 1300| 1300 

1 kilo of fuel theoreti- | 


cally evolves jealories 2820 | 3550 | 4450 | 6600 | 7500 


Useful heatfrom 1 kilo. calories , 60-80 per cent. of the theoretical 
Theoretical quantity of\cub. m. | 3:46 | 4:04 | 4:88 | 6:97 | 7:78 
air for 1 kilo. of fuel} kilos. | 465 | 5:30 | 634 | 9:5 |10°8 
Quantityofairrequired\cub.m. | 6:92 | 8:08 | 9:76 |13°95 |15°56 
for 1kilo. in practice) kilos. | 9:3 11060 |12:68 |19 21°6 
Theoretical ns" m, at 0 C. 4759| 544 | 742 | 80 2 








| 
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from 1 kilo. at 300° c. | 8:82 | 9928/1144 |15°69 |17'24 

Carbonie acid in fue gas - - 10-14 per cent. 

Quantity burnt) kilos. per hour |70- |80- |100- |50- 1|80- 
upon 1 sq. m. 120| 120] 200) 120) 120 
of grate J average | 100 | 100 | 150 75 75 

Ratio of openings to total grate 
surface - - 4 l# I # |) #|# 

m oftheburning) .m.| 260 | 300 | 150 |. 100 | 100 


Bean Im, 1-4 er 1-4 | 532 1 332 


caused by the fuel 














Ash - - - - - -percent. | 1-15 | 1-5 | 5-10 | 3-4 | 3-4 
1sq.m.of heating surface | 

5 'equires a a of }sa. m. 10” 30 15°30 15°30 30" 30 30 30 
1 sq. m. of heating surface eva- 

porateskilos. of water per hour 15-20 kilos. ; average, 
1 kilo. of fuel evaporates kilos. 

ofwater- - - - - - -|%5-3°5| 1:5-3 | 2-45 |5°5-10|5°5-10 
a of gases m. per sec. 3-4 metres per sec. — 
Section of fue- - - -sq.m. decreasing from 0'375- 
Section of chimney - -sq.m. 1 ofthe grate |4of the grate 
Height of the chimney - -m. at least 16 metres, 
Temperature of the flue) » Q. 950°- 


gases J 
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960 — | 520- 194 

570 
2688 | 2734 | 2774 | 2104 
1000- |1000- | — _ 
1300 | 1300 
7760 | 8110 | 7430 | 7750 
60-80 p. c. of the Hansen 
8:04 | 8:49 | 7441| 8:01 | 
ren 1195 271 10:30.| 
16:09 |16°98 |14'88 |116°08 | 
23 25 19:4 |20°6 
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127°02,8888 16:39 11770 | 
10-14 per cent. 
S0- 25-60 | 35-80 | — 
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100 1.100 | 250 == 
5-12 | — — — 
3-4 2 5°6 2:5 
8E.>T TR 1 U 
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18 kilos. _— 











95-10 55-10 45-8 
6 metres permissible—3-4 metres at the top of the chimney 
" 43 of the grate at the beginning to 0:25 at the end 


+ of the grate | 
otherwise 25 times the diameter of the top 


450° 
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TABLE 4. 
Heating surface, H, required to heat 100 kilos. of water in one hour 


in the boiler-flue from 10° to 80°-130° C. 


Temperatures of the flue gases. 
Water heated 





from to At entry - | 300° | 250° | 400° 
At exit - - - | 150° 200° 250° 





Temp. difference, 6, | 176° | 226° | 268° 
Heating surface, H- | 3:08 | 2:39 | 2:0 


Temp. difference, 6, | 170° | 217° | 267° 
Heating surface, H- | 4:07 | 3:2 | 2:65 


Temp. difference, 6, | 164° | 213° | 261° 
Heating surface, H- | 47 | 3:6 | 2:89 


Temp. difference, 0, | 160° | 207° | 257° 
Heating surface, H- | 529 | 412 | 3°3 


Temp. difference, 6, | 153° | 206° | 254° 
Heating surface, H- | 6:03 | 448 | 37 











Example.—In order to heat 100 litres of water from 10° to 100° C., 100 (100 - 10) 
= 9,000 units of heat are required. The flue gases enter the economiser at 300° 
and leave at 150° C.,so that the temperature difference is at first 300 — 100= 200°, 
and at the end 150 - 10 = 140°; thus, in the mean, since = = 0'7, Om = 168°6° 
(Table 1). The necessary heating surface is therefore 
H- 9000 9000 
um 1686 % 18 





= 4:07 sq. m. 


Observation (Zeits. d. V.d. I., 1888, 438).—5,197 litres of water per 
hour were forced with a velocity of 0'118 m. through six parallel iron 
pipes of 51 mm. internal diameter, which had a total heating surface 
of 315 sq. m. The water was heated from 48:5° to 180° C. by means 
of the flue gases from a marine boiler, which were thereby cooled from 
338° to 149° C. 


There were transmitted 
C=5,179 (180 - 485) = 683,405 cealories. 
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"The initial difference in temperature was 
0 9095 180 21587 
The final difference in temperature was 
6, = 149° - 48:5° = 100°5°. 


Thus the mean difference in temperature, @,, = 196°, 
The coefficient of transmission of heat was 


0. _ 683,405 
- m6,„ 315 x 126 


The velocity of the gases over the pipes was about 1'2 m., thus 
the calculated coefficient of transmission was 


5 =2 +2 10,172 = 130. 


k, = 17:9, 





ID 


CHAPTER IV. 
THE INJECTION OF SATURATED STEAM. 


'SATURATED steam, directly injected, is used for heating water, for 
distilling low-boiling liquids (alcohol, methyl alcohol, etc.) and for 
‚carrying over high-boiling liquids. 

If saturated steam be conducted into cold water, it liquefies and 
gives up its heat to the water. The previous pressure of the steam 
is immaterial, since it is lost in condensing. An almost complete 
vacuum would be produced throughout the steam pipe, owing to the 
:sudden disappearance of the steam at the end where it enters the 
water, did not the steam always contain air; since, however, this is 
:always the case, only a fall in pressure in the pipe results. The water 
is gradually heated by the steam and may reach 100° C., if it is under 
atmospheric pressure. If the water be under a higher pressure, as that 
of a column of water, it can reach that temperature which steam of 
this pressure would have. 


Example.—The water in a closed vessel in the cellar of a house 20 m. high, 
from which rises a pipe, 20 m. long (2 atmospheres) and filled with water, may 
reach at the bottom the temperature of steam at a pressure of 2 atmospheres, 
@.e., 120°6° C. The temperature of the water in the full pipe diminishes from 
below upwards, a circulation takes place, the warm water rising and the colder 
flowing down. The rising warm water, as it gradually comes under less pressure, 
‚gives off its excessive heat by forming steam. 


Thus steam gives up its heat to water which is not boiling, 


liquefying and increasing the weight of water by its own weight. 
However, if the water boils, it evolves as much steam as is led 
into it, and its weight remains constant. 

1 kilo. of steam at atmospheric pressure has 637 calories. If 
the temperature of the water is t, each kilo. of steam brings to it 
(637 - t) calories. 
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In order to heat 100 kilos. of water 
through 1 20° 80° 40° 50° 60° 7077 80° 90771007 €; 
there must be injected 1'7 3:33 5 6'9 9 10:75 1275 15 16°8 18°6 
kilos. of steam. 


If steam is blown into a boiling liquid (not water), with which 
water mixes, and the boiling point of which lies below that of water, 
vapours are formed composed of a mixture of steam and the vapour 
of the liquid. The composition of these vapours depends, according 
to certain laws, upon the composition of the boiling mixture of liquids, 
but, unfortunately, is not accurately known for most mixtures of 
liquids, although this property is utilised on the largest scale in the 
industries for the distillation of such liquids. The heat of evaporation 
of the mixture of vapours is the sum of the heats of evaporation of 
the water and the liquid. The temperature of the mixture lies between 
those of the single vapours. 


Example.—1 kilo. of a mixture of vapours, containing 0'5 kilo. of water 
vapour and 0:5 kilo. of alcohol vapour, is at the boiling temperature of 92° C.; 
0'5 kilo. of steam at 92° contains 271 calories of heat of evaporation, and 0'5 kilo. 
of alcohol vapour at 92° contains 103 calories. Thus, 1 kilo. of the mixture 
contains 271 + 103 = 374 calories. 


This question has been treated in a previous work (Wirkungsweise 
der Rektificir- und Destillir-Apparate, Julius Springer, Berlin), which 
should be mentioned here. 


When saturated steam is blown into a hot liquid, which does not 
mix with water, part of the liquid is mechanically taken away along 
with the steam, even when its boiling point is considerably above 
that of water. This process of carrying over small particles of liquid 
is not evaporation, and, according to the author’s observations, the 
heat of evaporation of the vapours evolved is but little greater than 
that of the water alone. 

The quantities of different liquids carried over by 1 kilo. of 
saturated steam are very different ; they depend essentially upon 
the nature of the liquid, the dryness and the temperature of the 
steam. In almost all cases, if not exactly necessary, it is still very 
desirable to heat the liquid under distillation in some other manner, 
since by this means the work to be performed by the steam is made 


20 EVAPORATING AND CONDENSING APPARATUS. 


considerably easier. Experience has shown that 1 kilo. of steam 
carries over more liquid ın vacuo than at atmospheric pressure. 


As approximate data it may be stated that to carry over 


100 kilos. of toluene there are required 13-15 kilos. of steam. 


100 . benzene 65 h 25-28 ee 
100 a fatty acids ,, 4 100 Rn 
100 hi tar “ 5 150 ee 
100 er glycerin Rn n 250 * 
100 c. nitrobenzene ‚, “ 250-300 sr 


100 ” nitrotoluene ‚, 2 400-450 Mr 


CHAPTER V. 
SUPERHEATED STEAM. 


THE steam superheater consists of metal pipes, through which satur- 
ated steam is led, and which are generally surrounded outside by 
fire. But the superheating of steam is not of necessity done by 
direct fire; a sand or oil-bath, or even high pressure steam, may 
be used. When saturated high pressure steam is allowed to expand, 
its temperature and pressure sink. If this expanded or low pressure 
steam at & low temperature is passed through pipes heated outside 
by hotter high pressure steam, the low pressure steam is brought 
up to the temperature of the high pressure steam, t.e., it is super- 
heated. It is a matter of indifference by what means the superheating 
is accomplished. 

The specific heat of superheated steam at constant pressure, 
which comes into consideration here, is «,—=0'4805. Thus, in order to 
superheat 1 kilo. of steam at 100° C. through 100° C., i.e., to heat it to 
200° C., there are required 100 x 0:4805=48°05 units of heat. Since 
saturated steam always contains water, the heat required to vapourise 
the latter and then superheat it to the same degree must also be 
caleulated. It is important and useful to keep as low as possible 
the amount of water in the steam to be superheated, since the eva- 
poration of the water requires much heat and seriously diminishes 
the efficieney of the superheater. But in spite of all separating 
arrangements, which are always used in conjunction with superheaters, 
the saturated steam always carries a certain quantity of water 
(3-5-10 per cent.) into the superheater. The heat required to 
vapourise this water must be calculated. | 

If the whole weight of steam to be superheated is D, its original 
temperature £, the temperature to which it is to be superheated t,, 
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and the percentage of water w, then the amount of heat required 
for superheating is 


Ü 
and, when t = 100°, 
| © = D}5'37w + 0°4805(t, — 100)! (33) 
Thus, in order to superheat 100 kilos. of steam, more or less heat 
is required according to the percentage of water. 
Table 5 gives the number of units of heat required to superheat 


steam at 100° ©. throush 100°, 200°, 300°, 400°, 500° and 600° C., when 
it contains 0, 3, 5 or 10 per cent. of water. 


Dw 


= 770537 + Dit, - 1)0-4805 


TR 3. 


Expenditure of heat, in calories, in order to superheat 100 kilos. of 
steam from 100° C. through 100° to 600° C., when it contains 0-10 
per cent. of water. 





Superheating through 
Water-content 


























of 
the steam. 100° 200° 300° 400° 500° 600° 
Per cent. Calories. | Calories. | Öalories. | Calories. | Calories. | Calories. 
0 4,750 ı 9,500 | 14,250 | 19,000 | 23,750 | 28,500 
3 6,361 | 11,111 | 15,861.| 20,611] 22851 1 242 
d 7,435 | 12,185 | 16,935 | 21,685 | 26,435 | 31,185 
10 10,120 | 14,870 | 19,620 | 24,370 | 29,120 | 33,870 
The volume of superheated steam is, according to Zeuner, 
»V, = 50°9T - 1925 Yp (34) 


where p denotes the pressure in kilos. per sq. m., V, the volume ın 
cub. m. and T the absolute temperature. 

In Table 6 are given the volumes, V,, of 1 kilo. of superheated 
steam, in cub. m., for pressures of 0'1, 0:2, 0°5, 1,2, 3 and 4 atmo- 
spheres and temperatures from 200° to 500° C. 

The quantity of heat, which is carried to the steam through 1 sq. 
m. of heating surface, depends, as we may readily imagine, on the 
velocity with which the steam to be superheated moves along the 
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inner face, and the heating gases or liquids pass along the outer 
face of the superheater. Exact figures are, however, wanting for 
this transference of heat, owing to lack of accurate experiments. 
But if these figures were known, the coating of the surfaces with 
ash and rust, and also the variable and generally unknown proportion 
of water in the steam, would make the theoretical figures useless for 
practical purposes, without large corrections. 


TABLE 6. 





Temperature of the superheated steam, t,. 





| 











Aischate 200° | 250° | 300° | 400° | 500° 
Absolute pressure, 
pressure. 
Absolute temperature of the superheated steam, T. 
Kilos. per| 473° | 523° | 573° | 673° 773° 
Atmos. sq. m. 
Volumes of 1 kilo. of superheated steam, Va, in 
cub. m. 
0-1 1,000 | 23:000 | 25:540 | 27'987 | 33'176 | 38'260 
0'2 2,000 | 11'390 | 12:670 | 13'890 | 16483 | 19'027 
05 5,000 | 4496 | 5:005 | 5'494 | 6530 | 7'549 
1 10,000 | 2:215 | 2469 | 2714 | 3233 | 3'741 
2 20,000 | 1:089 | 1'217 | 1'339 | 1'598 | 1'858 
3 30,000 | 0'718 | 0'803 | 0:884 | 1'057 | 1'227 
4 40,000 | 0'534 | 0:597 | 0:659 | 0:788 | 0'909 











Experience shows that, by means of 1 sq. m. of superheater surface 
in one hour, 25-45 kilos. of high pressure steam may be superheated 
through 100°, 150° or 200° ©., when the temperature of the hot gases 
is 450°-550° C., the speed of the steam in the superheater being 
15-40 m. per second. 

This is true for those cases in which the steam is superheated by 
means of waste gases; when, however, the superheater lies immedi- 
ately after the fire, so that the flames directly impinge on its tubes, the 
effieieney is considerably greater, especially with steam at little above 
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the atmospherie pressure. Under these circumstances, in one hour 
by means of 1 sq. m. of surface, as much as 300 kilos. of steam may 
be superheated through 200°-300° ©. The velocity of the steam may 
then reach 60-70 m. 

If the steam is expanded, ..e., if it has a lower pressure than 
that of the atmosphere, for example, } atmos. (absolute), the velocity 
in the pipes may attain 150, or even 400 m.; an average would be 
250 m. 

Aceording to Hirn, the coeflicient of transmission between hot 
gases and steam with cast-iron heating surfaces, k = 10 to 15. 
Assuming it to bek = 10, a number which must be regarded as 
extremely low, the heating surfaces necessary to superheat 100 
kilos. of steam, containing 0-10 per cent. of water, through 50°, 
100°, 200° and 300° C., with a mean difference in temperature 
between steam and hot gases of 100° and 150° C., have been 
calculated and arranged in the following table :— 


TABLE 7. 


For superheating through 





Water- 50° 12 100° 200° 300° 
content 
of the 


steam. with mean differences in temperature of 








Per 1002=,215027171002 | 150° 100° 19071 10027715021 1002 150° 
cent. | 





the necessary heating surface, in sa. m., for 100 kilos. of steam per hour. 


2:38 | 165 | 3:60 | 2401 475 |3°3| 95 | 6'6]142 | 9-9 
318 |215]5°21 | 3:48 | 636 4:3 11376] 8:6 | 19:0 | 12:9 
372125 1629 | 4201 743 | 5°0 [1486| 10:0 [222 |150]|. 
5:07 | 3:35 | 8:97 | 5:98 | 10:12 | 6:7 |20'24| 134 | 30:2 | 20:1 





With the same assumption, it may be found that 1 sq. m. of the 
heating surface of the superheater superheats the following weights of 
steam in one hour :— 


Water- 
content 
of the 
steam. 


Per 
cent. 
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TABLE 8. 


Superheating through 





50° | 75° 100° 200° | 300° 





With mean differences in temperature of 








100> 115071 31009 ı, 15021 2.00°°| 150712002 | 150° 1. 100°) 150° 








1 sq. m. of heating surfaces superheats kilos. of steam per hour. 


42:0 | 63:0 | 28:0 | 42:0 | 210 | 315 [10:5 |16 
314 | 474 | 19:0 | 28:5 | 157 | 23:6 | 7:85 | 12 
26°8 | 402 | 16:0 | 2401134 | 20:1| 67 | 10 
202730:0 1 12:0 .16:6.510:0:75°0| 5:07) 7:8 


CHAPTER VI. 
EVAPORATION BY MEANS OF HOT LIQUIDS. 


ÖccAsIoNALLY liquids are evaporated by means of heating coils, 
through which steam is not conducted, but a strongly heated liquid 
of high boiling point (400°-500° C.) is pumped. The rate at which 
this hot liquid is forced through the coil can rarely be very large, 
since the considerable length of the coiled pipe and its small internal 
diameter would otherwise largely increase the friction, and thus the 
necessary pressure. We may regard a velocity, v,, of 1 m. per second 
as suitable, though often this is not attained. 

In estimating the quantity of heat given up in this case from the 
hot coil to the borling liquid, the coefficient of transmission may be 
assumed, according to the author’s observations, to be 


= 70080. Gen ea 


The heating surface H in sq. m., required to transfer Ü calories 
per hour, is, with the mean temperature difference 6,,, 


Ö 
ger . . . . . . . (36) 


Accordingly, 1 sq. m. of heating surface in one hour, with a velocity 
of the heating liquid in the coil of v, = 1 m., and with mean differences 
in temperature of 

=. 10° 15° 20° 50°C. 
would transfer 3,500 7,000 10,000 14,000 35,000 calories 
to the boiling liquid. | 

The necessary weight of the hot liquid, F’„, which must be forced 
in one hour through the heating coil is, if O represents the quantity of 
heat to be transferred in one hour, 


I ern (364) 


EVAPORATION BY MEANS OF HOT LIQUIDS. 27 






The diameter of the coiled pipe in metres (d) is obtained from the 
equation - 


For the hot liquid considered here the specific heat, a, is 
generally 05 and the specific gravity, s, = 0'7. 


200 x v,x 10 x s000 - Fe 
or 
. A u . . . . (365), - 
The length of the heating coil is 
en 
= a ee a a (36c)) 


CHAPTER VI. 


THE TRANSFERENCE OF HEAT IN GENERAL AND TRANSFERENCE 
BY MEANS OF SATURATED STEAM IN PARTICULAR. 


THE physical properties of saturated steam are the basis of many 
of the following considerations; a compilation of these properties, 
according to Zeuner, is given in. Table 9. 

Water and many other liquids are evaporated by means of 
saturated steam. The hot steaım employed has usually a pressure 
of 3-5 atmospheres, but, frequently, for liquids of high boiling point, 
steam of 12-15 atmospheres must be used. It is often advantageous 
to heat with steam at a pressure of 1-2 atmospheres (absolute). 

The temperature of the hot steam must always be some degrees 
higher than the boiling point of the liquid to be evaporated. The 
transfer of heat is greater, the larger the difference in temperature 
between the steam and the boiling liquid, and it may be properly 
assumed that the action of the heating surface increases in direct 
proportion with the difference in temperature, 6,. In order to make 
this difference large, a vacuum is frequently maintained over the 
boiling liquid, z.e., the liquid is brought into a closed vessel provided 
with heating surfaces in contact with steam, from which the vapours 
are conducted through a pipe into a condenser, where they liquefy 
and are cooled, and then either flow away spontaneously (by a 


barometer column), or are drawn off by means of a pump or other 


apparatus. 

The pressure of the hot steam is without influence on the efficieney 
of the heating surface. But the temperature, which is in a definite 
connection with the pressure of saturated steam, has considerable 
influence, since, other things being the same, with increasing pressure 
the temperature of the steam also rises to an extent which is perfeetly 
well-known, and thus proportionately increases the difference in tem- 
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perature between steam and liquid. In this sense the capacity of the 
heating surface rises with the pressure of the steam. 

By many researches it has been shown that with increasing 
temperature of the steam, or, in general, with an increase in the 
temperature at which the transference of heat takes place, there 
is a certain increase in the efficiency ; this effect is, however, not 
proportional to the increase in temperature, and appears again to 
decrease when certain limits of temperature are exceeded. The 
cause of this behaviour is to be found in the increasingly rapid 
movement of the partieles of liquid over the heated surface at the 
higher temperatures. The effect is more noticeable in heating non- 
boiling liquids by means of saturated steam, than in evaporating. 

The hot steam always carries air with it (Zeits. d. V. d. Ing., 
1887, 284), which considerably hinders the transference of heat. 
It appears as if the air attached itself to the hot surface, forming 
a net-like layer upon it, thus hindering the action of the steam. 
The removal of the air from the tubes or spaces, in which the 
steam is to give out its heat, is extremely important for effective 
working. Every care must be taken to remove, as quickly and 
completely as possible, the air which the steam brings to the hot 
spaces. It naturally collects where it is driven by the moving 
steam, that is, at the end of the heating surface. At that place 
there must be provided a continuous outlet, and since diffusion 
between air and steam is tolerably slow, the outlet should be placed 
rather towards the bottom than the top of the hot space. 

The pressure in the hot space is the sum of the pressures of air 
and steam. The total pressure in the steam space is, therefore, 
always rather greater than the pressure of the steam alone, and 
since the temperature (the most important condition) in the hot 
space depends upon the pressure of the steam and not on the 
sum of the pressures, the temperature in a steam space is always 
somewhat lower than would be supposed from the total pressure 
as indicated by a gauge. In heating experiments it is, therefore, 
necessary to observe the temperature of the hot steam and not its 
pressure, since the latter, on account of the varying amount of air, 
cannot give a reliable indication of the temperature. 

The pressure and temperature of the steam are not equal in all 
parts of the steam space; they are always somewhat, often much, 
lower at the end of the heating surface than at the beginning. When 
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TABLE 9. Saturated Water Vapour—Pressure ; Total 
Evaporation ; Specific Volume 





















































‚Pressure. Vacuum. 























11400 15504 198-98 





ir Tempera- 
| ture. 
ar are Mercury. Water. Mercury. | Water. 
m.m. m. cm. | m. 2, 
0.0061 4:60 0:063 75'540 10'273 0 
0:0086 6:53 0:089 75'347 10'247 5 
0:012 Sal 0.124 75'038 10'212 10 
0:017 12:70 0176 74730 10:160 15 
0.023 17:39 0'238 74'261 10:098 20 
0:031 23:55 0'320 73'645 10'016 25 
0.042 31:55 0.434 72'845 9:902 30 
0:055 4183 0.568 eh 9:768 35 
0.072 54:91 0744 70'509 9.592 40 
0:094 als 0972 69-861 9:364 45 
0.121 91:98 1'251 66802 | 9085 50 
0'155 11748 1'602 64'252 8734 55 
0'196 14879 2:026 sL121 | 8820 60 
0'246 186°95 2'543 57'305 7'793 65 
0:257 195:50 2:656 56450 7680 66 
0'303 233:09 3'163 52601 | Ti 70 
0380 288-55 3'928 47'148 6408 75 
0.466 354.64 4'817 40'536 5519 80 
0506 38444 5.230 37'556 5'106 82 
0570 433.04 5892 32'696 4444 55 
0.691 525°45 7142 23-455 3:194 90 
0'746 56676 Zrale! 19'342 2:625 92 
0.834 633°78 8602 12'622 1'706 95 
1:000 760:00 10'336 0 0 100 
1:25 950 12'920 10638 
1:50 1140 15:50 11174 
1:75 1330 18:09 11642 
2:00 1520 2067 120.60 
2:25 1710 | 23'26 12435 
2:50 1900 | 25.84 12780 
2:75 2090 | 28:42 130'96 
3:00 2280 31:00 133-91 
3:50 2660 36°18 13924 
4.00 3040 41:34 14400 
450 3420 | 46-51 14829 
5.00 3800 | 51:68 15222 
6:00 4560 62:02 15922 
7:00 5320 72:35 165.34 
8:00 6080 82:69 170.81 
9-00 6840 93:02 17577 
10:00 7600 |  1083°36 18031 
11:00 8360 | 11370 18450 
12:00 9120 12403 18841 
13:00 9880 | 13437 192-08 
14:00 10640 | 14470 19553 
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Heat ; Heat of the Water, of the Liquid and of TABLE 9. 
and Weight (after Zeuner). 








| 
Latent heat of | 
the vapour, Heat of the Specific Specific 
6063 — 05951 liquid, Total heat, volume. weight. 
- 0000021? — | £ + 0:00002#? + | 606°5 + 0'305. 
000000031”. 000000038”. 1 vol. water | Weight of the 
ı gives vols. of |vapourin kilos. 
Calories. Calories. Calories. | vapour. per cub. m. 
606-5 0 606°5 198567 0:00504 
603-030 5 608:03 143811 0:00696 
599548 10:02 60955 105170 0:00951 
596-074 15°006 61108 75324 0:01319 
592-590 20-010 61260 | 57087 0:01753 
589-113 25-017 61413 43126 0:02320 
585-623 30-026 61565 32423 0:03086 
582-143 35'037 61718 25168 0 03975 
577649 40-051 - 61870 | 19542 0:05119 
575'162 45-068 62023 15213 0:06576 
571:662 50:088 62175 12001 0:08336 
568170 55-110 623-28 9510 0:10519 
564763 60°137 62480 7629 0:13114 
561:163 65:167 626°33 6163 0:16234 
560458 66:172 62663 5915 0:16915 
557649 70201 62785 5020 0:19928 
554141 75'239 629-38 4096 024423 
550'618 80-282 63090 3382 0:29582 
549210 32-300 631°51 3130 031961 
547-101 83.329 63243 2799 035744 
543:569 90-381 | 63395 2336 0:42829 
542157 92-403 | 63456 SATT, 0:45966 
540:037 95.443 63545 1958 0:51105 
536°500 100-500 637.00 1650°5 060590 
531'983 106-967 638°95 13386 074738 
528:173 112-408 64058 1126°9 0:83740 
524670 117340 64201 975.9 1:0252 
521863 121-417 64328 859-9 1:1631 
519'193 125237 64443 | INKO=I 1°2981 
516727 128753 645°48 697°2 1'4345 
515'379 131061 | 64644 6383 1:5674 
512-351 134:989 64734 5875 17024 
508532 140438 648°97 | 508-2 1:9676 
505-110 145310 65042 448-4 2:2303 
502:022 149-708 65173 4014 2-4911 
499-189 153741 | 65293 363°6 27500 
494122 160'938 655:02 306-4 32632 
489-687 167243 656°93 265'2 37711 
485712 172-888 65860 233.9 42745 
482-093 173:017 660-11 209-5 47741 
478791 182-719 661°50 ikstehrf 5.2704 
475'705 187:065 66277 il) 57636 
472:844 191:126 663°97 1599 62543 
470:136 194-944 66508 148-4 67424 
467:603 198-537 66614 138-4 72283 
465°120 202041 66716 1277 76270 
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hot steam is conducted into a double bottom, or a coil in contact 
with cold water, the tension at the end of the heating surface is 
generally nil in the first moments of the entry of the steam, it 
gradually increases as the water becomes heated, until, finally, when 
boiling commences, it reaches the permanent highest point. 

The following may serve as an example :— 


A copper pan of 1,000 mm. diameter, with a double bottom of 1'4 sq. m., con- 
tained 720 litres of water at 13°C. Steam entry valve, 25 mm.; pressure of steam 
in the boiler, 3:5 atmos. ; at its entry into the double bottom, about 3 atmos. 








Pressure of the 
Temperature | steam at the side , Calories transferred 





Time. of the water oppositetothe |perlsq.m.in1 hour 
in the double steam entrance. | with 1° C. difference 
bottomed pan. in temperature. 

Atmos. excess 
Hrs. Mins. =4®! pressure. 
13 0:0 1224 
30 04 
1530 
47 07 
1690 
64 1-2 
1950 
80 1-75 
2090 
93 185 2045 
100 1'95 
100 2-9:3-2°5-2:6 80 litres of water eva- 
porated in 30 mins. 

















The more rapidly the liquid moves over the heating surface, the 
more rapid is also the transference of heat. The larger the number 
of particles of liquid brought to the heating surface in a definite 
time, the more heat will the liquid take up in this time. The 
example just quoted shows this clearly: as the water becomes hotter 
and hotter, its eirculation or movement over the heating surface 
increases, and so does the number of units of heat conveyed across 
1 sq. m. in a definite time per 1° difference in temperature. Also 
when the liquid to be heated or evaporated is moved by artificial 
means rapidly and frequently over the hot surface, the amount of 
heat transferred in a definite time is increased. This increase is, 
however, not directly proportional to the increase in veloeity, but in 
a lower ratio (Chapter XXI.). 

The conclusions to be drawn from the observations of Joule, Ser, 
and others, lead to the belief that the increase in the transference 
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of heat between steam and a non-boiling liquid is proportional to 
the cube root of the velocity of the liquid. 

The rate of movement of the steam over the heating surfaces also 
exerts a considerable influence on the transference of heat. There 
is always observed close to the entry of the steam, where it first 
comes in contact with the heating surface, a much more lively 
motion of the particles of a non-boiling liquid, and a very much 
more rapid evaporation of a boiling liquid, than at places more 
distant from the entry. It is evident that the more heat will be 
imparted by the steam, the more of its particles rapidly touch the 
surface of separation. 

Around coils, pipes, over double bottoms and tubular heaters, filled 
with steam, a very lively movement of non-boiling liquids, and an ex-. 
tremely energetic ebullition of boiling liquids, takes place at the entrance: 
of the steam ; towards the end the action decreases considerably, until 
it appears almost entirely to cease. If the hot space be opened at 
the end, so that steam escapes, whilst the pressure in the hot space 
remains constant, the transference of heat is increased ; a larger‘ 
portion of the heating surface takes part in the violent action. In 
practice this opening of the hot space cannot always be effected,. 
since it generally results in a costly loss of steam, yet there are: 
cases in which it is the regular condition, e.g., with several heating 
bodies placed one after the other, in the condensers of rectifying, 
apparatus, etc. 

In all these cases the largest transmission of heat is observed 
where the most steam passes over the hot surface, and the heating, 
surface as a whole is the more efficient, the more steam passes over’ 
its total extent, although this steam is not quite condensed. It is 
believed that the average evaporative efficiency of a unit of surface 
decreases with its size, and, in fact, approximately in proportion to 
the square root of the surface. Thus, if k, denotes the quantity of 
heat transferred through unit surface in unit time with 1° difference 
in temperature, then, through the surface, H, the quantity of heat, 
O=k, Su, is transferred. In the case of tubes, inside which is 
steam, it is probable, as observation has shown, that this relation 
always holds good ; in the case of double bottoms, perhaps in default 
of accurate experiments, the connection is more uncertain, which 
is also true of tubular heating apparatus with the steam outside 
the tubes. 





3 


34 EVAPORATING AND CONDENSING APPARATUS. 


When the space containing the hot steam is very large, so that 
only slight movement takes place in it, almost a stagnation oceurs, 
and the influence of the absolute size of the surface is diminished. 

The condensed water formed from the steam preeipitated on the 
heating surface, considerably hinders the transference of heat, since 
the conductivity of water is very low. The more rapidly and com- 
pletely this condensed water is removed from the heating surface, 
the more efficient the latter will be. To a certain extent the condensed 
water drops more readily from a horizontal tube, heated externally, 
than from a vertical pipe, down the whole length of which the water 
would have to run. 

The nature of the metal, of which the heating surface is composed, 
appears to effect the amount of heat transferred only through 
differences in conductivity. On the other hand, the nature of the 
surface, whether rough or smooth, seems to be almost entirely with- 
out action on the movement of heat. 

The heat, which a heating medium (steam, water, air) is to 
'transmit through a metallie diaphragm to the heated medium 
\(water, air), has three resistances to overcome, vi2. :— 

1. The entry through the surface of the metal plate. 

2. The passage through the metal. 

3. The exit from the metal into the heated fluid. 

These resistances may be expressed by Pöclet’s method, taking 
for each a coefficient, which gives the number of calories passing 
through a surface of 1 sq. m. in one hour with a temperature 
difference of 1°. Let the entering eoefticient be e, the exit coeflicient 
be a, the conductivity through a wall 1 mm. thick be A, the thiekness 
in millimetres be ö. Then, if k be the total quantity of heat which 
passes through 1 sq. m. in one hour, with a temperature difference of 
1°C.,and a thickness of 1 mm., these coeflicients are related according 
to the general equation (Peclet) :— 





Lyra 
A . . . . . . . (37) 
1 
or Re 
l ee (38) 
e.- 4 


The coefficients of entry and exit, e and a, are practically unknown, 
since they are hardly capable of measurement by direct experiment. 
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However, for the cases dealt with here, the so-called coefficient of 
transmission, k, alone comes into consideration ; we may thus omit 
the researches designed to determine the values of e and a. 

The conductivity coefficient, A, of the metals has been determined 
by several observers; the values found are, however, somewhat 
different. It is probable that slight variations in the composition 
of the metals (impurities) exert considerable influence on the con- 
ductivity for heat. The following values for A may be taken as 
the mean of many experiments, they give the number of calories 
which pass in one hour through a metal block of 1 sq. m. section, 
1,000 mm. thick, with a temperature difference of 1°C. (Zeits. d. V.d. 
Ing., 1896, 46) :— 


Copper, 330. Tin, 54. 
Iron, 56.1. Zine, 105. 
Steel, 22:3-40. Lead, 28:44. 


1 
If we put % for the sum of the reciprocals of a and e, then 





/ 
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li we now insert for k, those values which are to be regarded 
as most nearly correct, we may form an idea of. the influence exerted 
by the greater or less conductivity, and the greater or less thickness 
of the walls of the heating surface, upon the coefficient of trans- 
mission, k. 

According to Molier (and others) %, lies between 3,500 and 7,000. 

In order to obtain an idea of the retarding effect of the increasing 
thickness of the material of the heating surface, the Tables 10 and 
11 have been calculated. 

Table 10 gives, for the metals, copper, zine, iron and lead, the 
values of the coeflicient of transmission for thicknesses of 2-10 mm., 
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when that coefficient is 100 for a thickness of 1 mm. The values 
are given on two assumptions :— 

1. The coefficient k, = 3,500. 

2.5, = T000. 

In practice k, would rarely be greater than 3,500. 


TABLE 10. 


If the coeffieient of transmission of heat, k, is 100 for a thickness in 
wall of 1 mm., then for greater thickness of 2-10 mm. it has the 
values given in the columns. 


























Copper. Zinc. Iron. Lead. 
Thickness 

of 
wall. Dr Ru = k, = = K= = k, = 
7000. | 3500. | 7000. | 3500. | 7000. | 3500. | 7000. ı 3500. 

mm. 
Ai 100 100° 1.100 | 100 7 100 7100 7 100 708 
2 98.1 ..99 94 37 87 93 83 90 
3 96 98 39 94 IL 86 pi 82 
4 94 ET. 34 Sul 69 50 63 75 
d 92 96 Ss0 39 63 76 75) 69 
6 90 95 76 86 97 74 50 64 
7 89 94 73 33 99 68 45 60 
8 87 93 69 82 49 64 49 96 
>, 86 92 66 19 46 61 38 53 
10 84 91 64 IT 43 98 36 50 








L—L———— EEE 


From this table it is seen that the coeflicient of transmission, k, 
decreases the more, with increasing thickness of wall, the worse 
conductor is the metal. 

For copper, which is rarely used in thieknesses exceeding 1-4 
mm., the decrease in k with increasing thickness of wall is unim- 
portant, and may almost be neglected. 

With wrought iron, which is generally thicker, the thickness at 
once exerts an unfavourable influence, and in the case of cast-iron 
heating surfaces, which are made 10 mm. thick and more, the 
efficieney is very considerably diminished by these thicknesses. 

In the case of lead, which is used in thick-walled pipes, and has 
a low conductivity, the effieieney of the heating surface diminishes 
very rapidly with inereasing thickness. 
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The next, Table 11, shows the values of the coefficient of trans- 
mission for iron and lead heating surfaces, when they are of equal 
thiekness with copper, the coefficient of transmission for the latter 
being taken as 100. It will be seen that heating surfaces of iron 
and lead, of the same thickness of wall, have considerably lower 
efficiencies than those of copper ; the former metals are also generally 
used in greater thicknesses than copper. 


TABLE 11. 


When the coefficient of transmission of heat for copper in thicknesses 
of 1-10 mm. is taken at 100, the coefficient for iron and lead of 
equal thickness has the values given. 











Thickness nos a 

of Copper. 

line %, = 7000. | %, = 3500. | %. = 7000. | %, = 3500. 

mm. 
4 64 77 54 70 
5 58 73 49 63 
6 55 70 45 60 
7 51 67 42 87 
8 48 63 39 54 
9 46 61 a7 ol 
10 44 60 35 49 











Thick viscous liquids, which move slowly, acquire heat with more 
difhieulty than water or dilute solutions, alcohol, ete., consequently 
the coefficient of transmission, k, is much lower, so that it may 
often be only 0:5, or even 0'2, of the coefficient for water, according 
to the consisteney and nature of the liquid. 

Finally, there is still another hindrance to the transference of 
heat, which arises more or less in all cases—the incrustation or 
coating of the heating surface with more or less solid, pasty or 
erystalline formations, corresponding to boiler scale. All these 
preeipitates adhere firmly to the hot surface, they eonduct heat very 
badly, and thus diminish the efficieney to a great extent. Since 
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these hindrances are different in each single case, can never be 
exactly estimated beforehand, and afterwards can practically never 
be controlled, the figures obtained in practice for the transference 
of heat are appreciably smaller than those found by careful re- 
searches ; frequently the difference is so great that even the agreement 
of the action with the laws cannot be recognised. 

The conditions of the exchange of heat throush metallie dia- 
phragms between gases, vapours and liquids, have not yet been 
elucidated with the desirable certainty by means of careful experi- 
ments conducted with large apparatus on a practical scale. A 
theoretical consideration of all the different practical cases is also 
wanting. Theoretical results, however, would not be directly 
applicable to the large scale practice owing to the varying difficulties 
which oceur there. Thus, in the present condition of our knowledge, 
there is no other course than to consider the results and observations 
of the author and others, obtained from large apparatus in industrial 
use, whilst giving due regard to the rules, coeflicients and laws 
obtained by experiment, unfortunately, as a rule, from very small 
apparatus. 

We shall at once endeavour to state such rules for the estimation 
of the necessary heating and cooling surfaces for the different cases 
which occur in practice. 

In all cases it is an advantage to make the passage of the gases, 
vapours and liqwids over the hot surface as rapid as possible. Thus, 
vortices and alterations in the direction of flow favour the trans- 
ference of heat ; the more rapidly the liquids and gases How through 
the pipes, and are driven over the heating surfaces, the more rapid 
is the transference of heat. A current of steam or gas, flowing 
rapidly through a pipe or flue of regular section, gives out heat more 
quickly than a current of steam, which, when led to a flat wide 
heating surface, spreads out over it to all sides as soon as it reaches 
it. The greatest loss of heat takes place at the spot where the 
hot current first touches the heating surface. 

Towards the end of long heating pipes and flues the temperature 
and pressure of vapours and gases sink, so that the end itself is 
almost inoperative. The shorter and narrower is a steam heating 
pipe, the more eflicient ıs its surface. 

The hot space should always be kept free from air, and the water 
should be rapidly and completely removed. 








CHAPTER VII. 


THE TRANSFERENCE OF HEAT FROM SATURATED STEAM IN 
PIPES (COILS) AND DOUBLE BOTTOMS. 


A. Evaporation and Heating by Means of Steam Pipes (Coils). 


ProrEssor R. MOLIER in a fine compilation published by request 
of the Vereins deutscher Ingenieure in the society’s Zeitschrift, 1897, 
Nos. 6 and 7, states that the most reliable data concerning the co- 
effieient of transmission, k, between steam and water are as follows :— 

In the case of water which is not bosling, according to experiments 
by Ser on a horizontal tube of 10 mm. bore and 314 mm. long, the 
transference of heat increases approximately with the cube root of 
the velocity of the liquid, ®v,, in m. per second. 

Molier calculated k, from the experiments of Ser: 

nd, re ee 

From numerous researches by Joule on vertical tubes of narrow 

bore, 
bs 10 0 en 

According to the experiments of G. A. Hagemann (Nogle Trans- 
missions-Forsög) on an externally heated vertical tube, 49 mm. in 
external, 45 mm. in internal diameter and about 900 mm. long, 
through which water was passed at various velocities, in the case of 
non-boiling liquids the quantity of heat transmitted increases not 
only with the velocity of the liquid but also with the height of the 
temperature at which the transference of heat is effected. The higher 
the temperature of the hot steam, {,, and the temperatures of the 
liquid, £,, and t,, the more heat is transferred in one hour per sq. m. 
per 1°C. difference in temperature. Molier deduces from Hagemann’s 
experiments the following expression for k, :— 





Hg: | 1000 n 10(t, 4 I a Dee 
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The figures, obtained by Nichol from experiments on a brass tube 
of 20 mm. bore, show a considerably greater transference of heat 
in the horizontal than in the vertical position. In the horizontal 
position about 1'5 times as many calories were transmitted as in the 
vertical, yet the values found by Nichol are lower than those of Ser. 

It would appear that at higher teinperatures the liquid is some- 
what more mobile, and hence that greater differences of temperature 
may occur between its parts, which would then cause a greater 
movement over the heating surface. That the horizontal position 
of the hot pipe is favourable may well be explained by the immediate 
removal of heated particles of liquid from the hot surface, thus at 
once making place for fresh particles. In or about a vertical pipe 
many particles of liquid must remain in contact with the surface 
in rising. 

In regard to the transference of heat to boiling water from satur- 
aled steam, experiments by ©. Long, J. B. Morison and the brothers 
Sulzer, are quoted in the same paper; the results of these experi- 
ments, which were certainly carefully executed, cannot, however, well 
be considered from the same point of view. 

From a consideration of the above-mentioned experiments, those 
of Jelinek (Z. d. V. für Rübenzucker-Industrie, December, 1894), and 
some number of the author’s own, the author comes to the conclusion 
that the empirical equation 

1900 

k,= —— 

Ydl 

most accurately expresses the transmission of heat between steam 

and boiling water, in so far as eylindrical copper pipes, with steam 
inside, are concerned. 

With all due regard to such careful workers as Joule and Ser, 
the author is of the opinion that, from such small apparatus as that 
with which they worked, safe conclusions cannot be drawn as to the. 
relations between steam and liquid on the much greater proportions 
of the industrial scale. / 

It is quite certain that the temperature and pressure of the steam 
at.the end of a long pipe surrounded by water in violent ebullition 
are considerably lower than at the beginning. It is also proved that 
those heating surfaces, or portions of heating surfaces, transmit the 
most heat, which are met and rapidly touched by the largest number 


(44) 
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of molecules of steam. Similarly, steam at rest gives up the least 
heat. 

Steam which is blown into a large heating space, spreads out 
on all sides immediately after its entry; it does not pass over the 
hot surface in a regular manner, and thus gives out its heat very 

- slowly. | 

In the author’s opinion, observation teaches that the transmission 
of heat increases with decreasing diameter and with decreasing 
length of the tube, and apparently in such a manner that the 
transmission is inversely proportional to the square root of the pro- 
duct of these quantities. The smaller the diameter of the heating 
tube the more molecules of those which are passing through will 
come into contact with the walls. Since the largest quantity of heat 
is given up at the beginning, every tube becomes much less active 
towards the end. 


The equation 
_ 1900 


le al) 

is not in any way to be regarded as final; we know, indeed, that it 
is inaccurate. It appears that the increasing length of the heating 
pipe diminishes the transmission of heat in a somewhat less ratio 
than that of the square root. The equation is inaccurate for very 
short and very long tubes, but the want of results of sufficiently 
accurate experiments does not permit it to be corrected, and thus 
it must serve for the present. 

For comparison with this formula certain published experimental 
results ımay be quoted :— 

Jelinek, with a copper tube, 16 mm. bore, 12,000 mm. long, 
observed k, = 4494. 

Caleulated, k, = rl = 4309. 
„0:016 x 12 

Jelinek, with a copper tube, 10 mm. bore, 8200 mm. long, 

observed k, = 5890. 


(44) 





1900 
„0:01 x 82 
In this case the temperature difference was taken by Jelinek as 


the arithmetic mean of the initial and final temperatures of the steam, 
whilst it should have been calculated according to the principles laid 


Caleulated, k, = = 6643. 
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down in Chapter I., in which case it is less, and k, then becomes 
6750, instead of 5890. 

Jelinek, with a copper tube, 16 mm. bore, 3000 mm. long, 
observed k, = 8680. 

Calculated, k, = BER... Een = 8675. 
0.016 x 3 

Sulzer, with a copper tube, 100 mm. bore, 3000 mm. long, 
observed %k, = 3400. 

1900 
NEE 

©. Long, with a copper tube, 31’'4 mm. bore, 2500 mm. long, 
observed %k, = 6500. 


Calculated, k, = = 3480. 





1900 
0.0314 x 2:5 

In Table 12 are contained the coeffieients of transmission, calcu- 
lated by means of equation 44, for copper tubes of 10-150 mm. bore 
and 1-30 m. long. These values for k, only apply to the evaporation 
of water. The thicker the liquid to be evaporated becomes, the less 
becomes the influence of the form and species of the heating surface 
upon the efficiency. 

For wrought-iron pipes the coefficient, k,, should be taken at about 
075, for cast-iron pipes about 0'5, and for lead pipes about 045 of the 
coefficients for copper, in which values allowance has been made for 
the greater thickness in wall of these metals. 

For application in practice only # of the value of k, as so found 


Calculated, k, = = 6840. 





should be used. 
When not pure water, but dilute solutions of 10-25 per cent. 


strength are to be evaporated, the coeflicient of transmission 
generally decreases by 20-30 per cent. 

For thick, pasty, viscous or sticky liquids, or liquids largely mixed 
with erystals, the value of k, may become much less. The dimensions 
of the heating tubes are then found to be of little influence ; for such 
cases the following values should be taken for k, in practice :— 

Long heating coils, about 650-750. 

Short ,, 7 „800-900. 

Thin heating tubes (steam pipes), about 1000. 

Vertical systems of pipes (steam outside), about 600-700. 
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TABLE 12. 


The coeffiecient of transmission of heat, k,, for one hour, 1°C. and 1 sq. 
m., between steam and boiling water, for copper heating coils of 
10-150 mm. bore and 1-30 m. lensth. 





Length, /, of the tube in m. 





| Bore otthe | ı 2 4 | 6 2 10 | 15 
| tube in mm. 














Coefficient of transmission of heat, k,, for copper steam 


! 
= 
= pipes, heated inside. 











10 19000 | 13470 | 9500 | 7714 | 6730 6012| 4912 | 4290 | 3570 
| 15 15580 | 11000 | 7713 | 6333 | 5495 | 4910 | 3950 | 3408 | 2833 
| 20 13470 | 9500 | 6730 | 5490 | 4750 4220 | 3408 | 3007 | 2455 
= 25 12000 | 8520| 6012| 4910| 4250 | 3800 | 3100 | 2687 | 2190 
’ 30 11000| 7714| 5490 4510 3875 | 3408| 2835 | 2455 , 2004 
3 10190 | 7272| 4900 | 3900 | 3500 | 3200 | 2640 | 2270 | 1850 


40 9500| 6730 | 4750 3875| 3363 | 3007 | 2455 | 2110 | 1743 

45 8950| 6333 | 4510 | 3600| 3165 | 2835 | 2300 | 2004 | 1610 

50 8520 6012| 4253 | 3408| 3007 | 2687 | 2190 | 1900 | 1558 

u 60 7714| 5490 | 3875 |3170| 2740 2455 | 2004 | 1743 | 1415 
a 70 7200| 5080 | 3600 | 2930 | 2540 | 2270 | 1890 1610| 1310 
| 80 6730| 47503363 | 2740 | 2375 | 2125 | 1711| 1490| 1225 
90 6333| 4510| 3170. 2580 | 2245 | 2004 | 1610| 1410 | 1157 

| 100 6012| 4290| 3007| 2455 | 2135 | 1900 | 1558 | 1364 1100 

cr 12 5714| 3800 |2687|2191|1820|1700)1390| 1202| 982 


























150 4910 3408 2455| 2004|1743 | 1555 1266 1100| 905 


The thickness of metal of the copper tubes is taken at about 2 mm. 
For wrought-iron pipes, about 3'5-4 mm. thick, the coeflicient,, 
k, = 0:75 of that for copper. 
10 mm. thick, the coeflicient, 
k,= 0'50 of that for copper. 

„ lead er 5% „ 10 mm. thick, the coeflicient, 

k, = 0'45 of that for copper. 


. east 


” ” ” 


9 In determining the dimensions of the heating surfaces of apparatus 
_ Jor the evaporation of water, the coefficient, k,, should only be taken. 
a about 3 of the above values, ü.e., 
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For copper tubes - - 0:66 of the figures in the table. 
„ wrought-iron tubess - 0:50 IR 6; a 
„ east-iron tubes - - 0:33 2 5 .; 
‚‚„ lead tubes - : - 0,30 


For liquids which contain 10-25 per cent. of solid matter in 
solution, the coefficients, %k,, are only about } as large as those just 
given, 1.e., 


For copper tubes - - 0:5 of the figures in the table. 
„ wrought-iron tubes - 04 % 3» » 
‚„ cast-iron tubes - - 0:25 > 3 Er 
‚„ lead tubes - - - 0225 


I] ” „ 


The equation (44) may now be somewhat transformed. Multi- 
plying numerator and denominator by Jr, the expression under the 
square root sign becomes equal to the heating surface, H,, thus 


1900 /r _ 1900 /r _ 1900 x 1'772 3367 
Ndnm Nm RN 
If we now insert this value for %, in the equation for the total 


transmission of heat by the surface H,— 
GE One 


k,= 





(45) 


m * v) 


we obtain 
O= 8867 VE, 2 A SE 


which may be expressed in words: the heat transmitted in unit time 
by the surface, H,, is proportional to the square root of the surface. 

As has been said above, this equation is not quite correct, but 
the efficieney of larger surfaces is somewhat greater, and of smaller 
surfaces somewhat smaller, than would correspond to the equation. 
But the results obtained by its means, of all known to the writer, 
agree most nearly with the reality. 

Having regard to the diminution in efficiency caused by incrusta- 
tions, incomplete removal of air, etc., we may take for the caleulation 
of the actual heating surfaces the equations 


0 = 2000 NE 


” 0.2 | 
A, = (o07,) Brenn 
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which may be applied with some confidence to copper heating tubes 
for the evaporation of water. 

Table 13 has been caleulated by means of these equations, it 
gives the number of kilos. of water evaporated in one hour by copper 
tubes of 10-150 mm. diameter and 2-40 mm. length, with 1° difference 
in temperature between the steam and boiling water. This table 
will serve for the rapid caleulation of the proper dimensions of the 
heating tubes in any case under consideration. 


With sufficiently short tubes the real temperature difference, 0 


my 


cast-iron about 0'4, and lead about 0'33 of the results quoted in the 


From viscid, thick and erystallising liquids, containing very little 
water, the hourly evaporation of water by means of heating coils 
is much smaller, vız., for copper about 0'5, wrought-iron about 040, 
cast-iron about 025, and lead about 0'225 of the weights given in 
Table 13. 

Steam at a pressure of 3-4 atmospheres, in narrow and not too long 
ppper coils, is found in practice to evaporate to the atmosphere 
about 100 litres of water in one hour per 1 sq. m.; with very small 
heating surfaces more (up to 130 litres), and with Te ger, less. 

With 1 sq. m. of heating surface, heated by steam at 3-4 atmos- 
pheres, 800-1200 litres of water may be heated in 1 hour from 10° to 
100° C. when the water is not specially moved, yet the eflicieney of 
the heating surface varies greatly and depends on the veloeity of the 
Steam (see Chapter XXI.). 


B. The Dimensions of Steam Tubes (Coils). 


The ratio of the diameter to the length of a tubular heating 
surface is far from being without influence on the proper action 
of the surface. In very long pipes, in which the steam moves with 
great veloeity, the pressure falls considerably towards the end, and 
thus the available temperature difference sinks appreciably. 

When the steam enters at high velocities the coeflicient of trans- 
Mission of heat is greater than when the velocity is lower, but the 
Pressure and temperature, which sink rapidly in the first case, 
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Tapın 19. 


Heating surface, H,, in sq. m., and hourly evaporation of water, W, 
of copper heating tubes’of 10-150 mm. diameter and 2-40 m. 
length, with 1° C. difference in temperature. 






































ag Internal diameter of the heating tube in mm. 
= 27 ’s a : | | | B | a | E 
83 16.120 | 30:1 20] 50 | 60 | 70 | 80 | 90 | 100 | 125 | 150 | 
1 | | | | 
2 |H,|0:08 | 0:14 0:31 | 0-27 |0-34 | 0:40 0-46 | 0:53| 0:59] 0:65| 0.82| oga]| 
w |1:12|1'48|1'83|2:07|232|252| 271| 291] 307| 320| 3°60| 396 | 
3 |H,[0.12 | 0-21 |0-31 | 0-41 |0:50 0:60| 0-69| 0-80| 0:89| 0:99 | 1-22] 1-47 | 
w |1:36|1'83|2'22 | 256 2:83 |3:09| 3:32 °3:56| 377| 3:97| 440| 4:84 | 
4 | H,|[0'16 | 0-28 | 0-42 | 0:54 |0:68 10:80 | 0-92| 1:06| 1-18| 1:30| 1-64| 1-96 j 
w 1160 211/258 293 |3'29|3'57| 3°84| 4:09| 4'32| 4556| 496| 5°60 
BE, | 0-36 | 0:51 0-68|0°85|1-00| 1:16) 1-34) 1-49| 1-65| 2:04| 246 
w| — 240/285 329/368 4:00| 4:03 4660| 488| 512| 571| 6:26 
6 |, 10:43 |0:62|0-81/1'01|121| 1-39) 1-60| 1-78] 1'97| 2:45| 2-94 
ıw | — |262|3:12|3°60 400 4'40| 471 504| 5'32| 5'60| 626) 6'85 | 
TE, 10-49|1073|0-95)118|1-40| 1'61| 1:86) 2:07| 2:29| 2:86) 3:43] Te 
w | — [280 |3'41|3:89|432|4'72| 5:08| 545| 575| 6:09| 676| 740 
Bl 0:56 |0-84 11-08 1-36 |1:60| 1-84| 2:12| 2-36] 2:60| 3:28| 3-92 
\w| — 298 366 416 464 504| 541 584, 613| 646| 724 790 
9.14, ı0:93| 1-22 |1-53/1-81| 2:09| 2-41] 2:69| 2-97| 3:68| 4-41 
w| — | — |375|441|492 5538| 578| 620| 656| 6:89 | 7665| 8:43 
10 |, 11:08 |1'85 1-69 1201| 2:32] 2-67 | 2-98| 3-29] 4-08| 4-90 
wi — | — |404|464'5'20|602| 608| 652| 6'90| 724| 8:08| 885 
I I, 11-13|1-48|1-86 [2-21] 2:55] 2:94| 3-27| 3-61) 4-48| 5-89 
w| — | — 424 484 545 604| 638 684 725| 7'60| 8:46) 928 
12 |H, 11:24 1162| 2:03 |2-41| 2:78| 3:20] 3:57] 3-94 | 4-90 |- 5:88 
w| — | — 444 5:08 568 620, 666 706 755| 793 885 969 
18 |H, 11-35 |1'76|2:19|2-61| 3:00| 3-46) 3:85| 4-26] 5-31] 6:37 
wi | — 464/528 592 646 692 744 784| 815) 9:20 10:09 
14 |H, | |1-46 | 1-90 | 2-36 |2-80| 3:22| 3-72| 414| 4°58| 572| 6:86 
w| | — ‚480,539 612 6:69 707 771 813| 8:49) 9:56 10:48 
15 |H, | 11-53 2-03 | 2-55|3-00| 3:48) 40%] 4-47| 4:95| 612] 7-38 
wl- | 1493568 638 692 745 800 845| 8°86| 9:89 10:86 
16 |H, | 12:16 |2:72|3-20 | 8:68| 4924| 472| 520| 6:56| 7:84 
wi | | -— |588|658 730| 767 8%23| 8638| 9:14 1024 |11'20 
de In | 12-89 |3-41| 8:93| 4-53 | 5:05| 5°57| 6:96| 8:35 
wI- | —- | - | — )680|1738| 7°93| 8:48| 8°98| 944 10:55 1155 
18 | H, | | | 3:06 18:62 | 4.18| 482| 5-38| 594 | 7:36) 8-82 
wi | —- | - | - 16°99|760| 817| 878| 928] 974|10:05|11'88 
19 |, | | |3-2213-82| 4-41| 5°08| 567| 6265| 7°76| 9-31 
w|I- | - | - | - [717|780| 840| 9:01| 9:52|10:00|11'14/1220 
20 H, | | | 13:38|4:02| 4:64| 534 | 5°96| 6:58| 8:16| 9-80 
wIi-|-|-|-—- ‚735801 860, 924 976 |10'32 | 11'40 12:52 











aLLL—— er 
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TaBıe 13—(contimued). 
































Bas Internal diameter of the heating tube in mm. 
= 2 £ I |" | | ’ 
‚BE 10 | 20 | 30 | 40 | 50 60 2077 80 90 | 100 | 125 | 150 
- | | | | } 
21 4:32 | 4:87| 5:61] 6925| 7'00| 8:56) 10-29 
mi = ı >|) | [8381| 880) 947) 1000| 1058| 1170| 12:84 
DD LE, | |442| 510| 5'88| 6:54 | 7-28| 8-96 | 1078 
w„\-|-—- ı — |- | -— /84| 904| 969|10'22|10'74 | 12:00 13:12 
23 |H 4:62| 5:33) 6:14| 684 | 755| 9:38 | 1127 
wi || 8:59) 9:20| 9:90) 1046| 10:98 |12:24 11544 
24 |H, 4:82| 5°56| 6°40| 7:14| 788| 9-80 | 1176 
wi ı | 1 | — |878| 948|10:10 10:69 | 1120| 12,52 1372 
25 |H, | 578. 6:66 7.42] 820110211225 
I | — | — | — | 960 10:32 | 10:89 | 11’45 | 12°80 | 14:00 
26 H, | 6:00) 6:92 | 770, 8:52 | 10:62 | 12-74 
wIi-|-|-|- | - |-. | 979|1052 DE 14:28 
27 |H, 622 | 7:18| 7°99| 8:84 |11'03 | 13:23 
wI-|-|-|- |-- | -— | 997|10'71|11'29 |11'89| 1328| 1456 
28 HA, | 644 | 7:44 | 8238| 9-16 | 11:44 | 1372 
wIi—- |— | — | - | -— | — /10:14|10°90 |11'48 12:10 13:52 | 1484 
LIEFEN, | Ne Teresa 9:53 | 11'84 14:24 
wI—-|—-|- |-— |-— | — 1035 |11'09|11'73 12'34 13'76 | 15:08 
30 |H, | | 8:04 | 8:94 | 9:90 \12-24 | 1476 
wIi- | -|!-|-|-|-  -— [11'384 |12:00 |1256 1400| 15'36 
Bill El, | 8-26 | 9:10 | 10:15 | 12:68 | 15°22 
w„i-|-|-i-|-|-, -— !1149|12:06 1272 |14'24 |15°60 
32 |H, 8-48 | 9-44 | 10-40 | 13:12 | 1568 
w„Ii— |- |— |—- | - |-  — |11:88|1228|12'92 1448 |15°84 
33 |H, | 9:77 | 10-77 | 13:52 | 16:19 
wIi—- ı —-— | —- |-|-|- — 1250 13:12 1462 16:08 
34 |H, | 10:10 11:14 | 13:92 | 16:70 
| a ee En -- 11272 1336 1492 1636 
35 |H, | 10-43 | 11:51 | 1432 | 1717 
a | | ne) ei — 1292 13'60 1512 1656 
36 |H, | 10-76 | 11-88 | 14:72 | 1764 
\42 || BE Ba En u — 1312 13'80 | 15'36 | 16°80 
Sn |, | | 12:20 |15°12 [18:13 
w“i=- | - | - | -— | - | -| —- | — — 14:00 1556 1704 
38 | H, | | 12:52 | 15:52 | 18:62 
wI— | - I|-ı- |-|- .— _- -— 1416 15'76 1728 
389 |H, | | 12-84 | 15°92 | 1911 
wi— |— | - | —-|— zz ae — — 14:32 1596 1778 
40 |H, | 14-16 | 16:32 | 19:60 
w„i—- | -!'- |—- | —- || — — | — 11504 16:16 |18'72 
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diminish the temperature difference to such an extent that the heat 
transferred per sq. m., with an excessive initial velocity of the steam, 
is really smaller u when it Fein its full pressure to the end 
of the pipe. 

The connection between diameter and length of tube, veloeity and 
pressure of steam, may be explained in the following manner :— 

The heat passing through the walls of a steam tube into the 
surrounding boiling water is equal to the heat set free by the con- 
densation of the steam. Thus we have the equation: 


22009, dl = 7 2,3600ey N 


in which d is the diameter of the tube, I its length, v„ the velocity 
of the steam on entering the tube (all in m.), c the heat of evapora- 
tion of 1 kilo. of steam, y the weight of 1 cub. m. of steam, #,, the 
difference in temperature. 

By a transformation of this equation (49) we obtain the connection 
between the length and diameter of the tube. 


I v3600eydYa nor dacyd 
a 2 


Im 


The external surface of the tubes should have been taken here as 
the heating surface, but in equation (50) the thickness of the metal 
was neglected in order to obtain a compact formula, the internal 
diameter of the tube being taken as equal to the external. This 
inaccuracy makes the calculated lengths of pipe about 10 per cent. 
too great, which must be remembered in applying equation (50). 

The velocity with which the steam enters is conditioned by the 
dimensions of the tube, the difference in temperature and the fall 
in pressure in the tube. The latter cannot, however, well be caleu- 
lated, not even by means of equation (143), which does not hold good 


on 
for complete condensation, thus the proper ratio, - 2 cannot be found 


with certainty from equation (50). It must suffice to assume the 
greatest advisable length of pipe from the results of experiment. 
The lower the pressure of the steam, and the greater the tem- 
perature difference between steam and boiling liquid, the shorter 
must the tube be. For differences in temperature of 30°-40° C., the 


following values of the ratio = are suitable :— 
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Absolute pressure 
of steam, atmos., 5 4 3 a2 19 125 08334 0466 
I 


q 277 250 225 200 175 150 125 100 


For any other difference in temperature, 6,,, the highest value of the 


ratio L8 is then 
d, 


ı _ 6 
di ANon 
For the sake of convenience in caleulation it may be stated that 
the values of 0'725cy for the above steam pressures are 
997, 817, 631, 438, 340, 288, 203, 116. 


If the steam is to be used in the heating tube at its original high 
pressure, and, consequently, its highest temperature, it must not be 
throttled on entering the tube. The valve admitting the steam must 
be of fair dimensions. 

If the highest available steam pressure is required to be exerted 
in the coil, then the velocity of the steam on entering may be 30 m. 
If, on the other hand, a certain fall in pressure from the main steam 
pipe to the heating tube is permissible, the steam may enter with a 
veloeity of 50-60 m. The latter is regularly the case, when the 
available steam pressure is higher than is required in the coil. 

Table 14 may assist in the choice of the steam valve. In it are 
given the weights of steam at different pressures which pass in one 
hour with a velocity of 30 m. through valves of 10-350 mm. diameter. 
For higher or lower veloeities the weight. of steam admitted is natur- 
ally proportionately larger or smaller. 

Example. —The dimensions of a steam coil are to be determined, by which in: 
one hour 300 kilos. of water, or 300 kilos. of dilute alcohol (50 per cent. by weight), 


or 300 kilos. of ether, can be evaporated, when the available steam is at a pressure 
of 4 or 1'25 atmos. absolute. 


The heat of evaporation of 1 kilo. of dilute alcohol vapour of 50 per cent. strength 
by weight is 375 calories, i.e., as large as for A = 07 kilo. of water. Thus, in re- 
gard to the consumption of heat, 300 kilos. of the vapour of water + alcohol are 


equivalent to 210 kilos. of steam. 
The heat of evaporation of 1 kilo. of ether is 97 calories, thus 300 kilos. of 
ether are equivalent to 


; 97 


300 310” 54 kilos. of steam. 


4 
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TABLE 14. 


The weight of steam which enters with the velocity v, = 30 m. and at 
; mm. diameter, without 















































5. P Rn Diameter 
= 3 = 
27 & 
= 2 3 10 15 120.) 35 30 35 40 45 50 35 60 
er [3 
. - 
58 88 
ee De Weight of steam, in kilos. per 
) 
1:00 100 d 12 20 32 46 63 82 | 103 | 126 | 154 | 184 
1'25 106 6:3| 14'3| 25 40 57 78 | 101 | 182 | 158 | 191 | 278 
1:50 112 7:5 27 30 47 68 92 | 120 | 164 | 188 | 227 | 270 
% ‚121 10 23 39 63 88 | 120 | 157 | 200 | 245 | 298 | 355 
2-5 128 12 28 48 76 | 110 | 149 | 194 | 245 | 304 | 367 | 438 
3 134 14 32 56 89 | 128 | 173 | 225 | 285 | 853 | 428 | 510 
4 144 19 43 76 | 130 | 170 | 231 | 300 | 280 | 471 | 570 | 680 
5 152 27 53 93 | 146 | 210 | 285 | 372 | 472 | 583 | 705 | 841 

















Thus there are to be evaporated 
300 kilos. of water, 300 kilos. of alcohol + water, 300 kilos. of ether, 
or 300 ” rn 210 AR water, 54 ® water. 
The boiling 
point is 100° 92-5° 37° 
(a) For steam at 3 atmos. (= 4 atmos. absolute) = 144° o, 
The temp. diff. 


is thus 44° 515° 107° 
We shall assume that in reality the temperature difference is about 10 per 
cent. less, 
A.2., 40° 46° 96° 
For 1° temperature difference the heating tube must evaporate 
5 — 75 kilos., = — 4:56 kilos,., z = 0'506 kilo. of water. 
From Table 13 we now find that there is required 
1 tube of 60 mm. x 18 m. 40 mm. x 10 m. 10 mm. x 0'6 m. 
= 3'62 sq. m. = 1'556 sg. Qi, = 0'025 m. 
or 2 tubes of 40 mm. x 7m. 25 mm. x 4m. u 
= 192 89. m, = 072 sg. m. — 
[0) 3} ” 30 mm. x 4m. — — 
= 1'29 sq. m. — — 


(b) For steam of 025 atmos. (= 1'25 atmos. absolute) = 106°38° C. 


"The temp. 
dift. is 6:38° . 198B” 69-38° 
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E 


TABLE 14. 


pressures of 1-5 atmos. absolute in one hour, through valves of 10-350 
sensible loss of pressure. 





of the steam valve in mm. 








65 | 70 80 90 100 | 125 | 150 











175 | 200 | 250 | 300 | 350 














hour, which enters with a velocity of 30 m. 


215 | 250 | 325 | 413 | 505 | 802 | 1144 | 1560 | 2192 | 3206 | 4576 | 6254 
267 ' 320 | 403 | 527 | 632 | 993 | 1422 | 1932 | 2529 | 3972 | 5688 | 7745 
817 | 367 | 429 | 657 | 752 | 1172 | 1679 | 2292 | 3000 | 4686 | 6714 | 9188 
415 | 483 | 628 | 795 | 980 | 1533 | 2209 | 3014 | 3933 | 6148 | 8816 
513 | 595 | 774 | 980 | 1214 | 1895 | 2726 | 3717 | 4862 | 7600 
597 ı 693 | 900 | 1144 | 1412 | 2209 | 3180 | 4406 | 5764 
796 | 926 | 1204 | 1520 | 1881 | 3004 | 4254 | 5820 

985 ‚1143 | 1485 | 1888 | 2332 | 3704 | 5247 | | 



































The real temperature difference is again assumed to be about 10 per cent. 
less, 
ER 55° 12° 63° 


Thus for 1° temperature difference the hot tube must evaporate 


300 En Bluse at Bde An x 
55 546 kilos. ne. 17-5 kilos. 6” 0:86 kilo. 
From Table 13 we now find there are required 


3 tubes of 150 mm. x40 m. 1tubeof 150 mm.x39m. 1tubeof 1Omm.x1m. 


= 57 sq. m. — ae Be an = 0'04 sq.m. 
or4 ss 150 mm. x24 m, 2tubes of 100 mm. x15 m. — 
= 47 sq. m. = 9-9 sq. m. — 
or6 ULM. SS loım. 3 er 60 mm.x 11m. — 
= 297 sq.m. == 6.6.89. In, _ 
or 8 re 80 mm. x 12m. — — 
= 90:8 80... = _ 
DrLD „, 40 mm.x 6m. = — 
= 122 8q. m. — _ 


A heating surface for evaporating may be constructed to consist 
of a single tube, diminishing in diameter towards the end either 
gradually or in steps, or of several parallel tubes, the number of 
which is diminished towards the end (e.g., from 4 to 3, to 2, to I)% 
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The researches published up to the present show that the coeffi- 
cient of transmission for such heating surfaces is not less than for 
short tubes of equal length of the same section throughout. 


Since, however, as soon as the length becomes somewhat con- 
siderable in proportion to the diameter (l = 600. d to 800 d), the 
pressure of steam in the tube sinks to a great extent towards the 
end, the difference in temperature between steam and liquid also 
sinks inconveniently, and the evaporation per sq. m. becomes small. 

Short narrow tubes make the most efficient heating surface. 


a 


ale, (9 


Ezxample.—An actual case (see Fig. 6). Eight equal horizontal brass tubes (70 
per cent. of copper), of 10 mm. bore, 12 mm. external diameter and 3000 mm. 
length, supplied with steam at 111'93° C. on entering, 103'2° C. on leaving, evapor- 
ated in one hour at 100° C. 141 litres of water, originally at 23°. The total 
heating surface is H, = 1'8 sq. m. 

The difference in temperature at the beginning is 0, = 11'93°. 
es ra „ end is ea 

The mean temperature difference would be obtained from Table 1: (since 
5 = 0'269), 0m = 0:56 x 1193 = 668°. 

Since, however, the first portion of the heating surface is larger than the 
second, 0, must be taken as 7'1°, hence the observed coefhicient of transmission, 


.. _ 141(635 - 23) „_ j 
ki = SC: Bike 7000 approx. 


18 5 . 
The average heating surface for 1 tube is m 0'225 sq. m., from which we 


obtain the calculated coefficient, 


Ne En = 70%. 
x 0'225 
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C. Evaporation and Heating by Means of Double Bottoms 
and Wide Jackets. 


Steam admitted to double bottoms or wide cylindrical jackets, 
the other surface of which is in contact with bosling liquid, does not 
pass over the whole heating surface as regularly, and is not forced on 
to the heating surface in the same manner, as in a coil. Immediately 
after it enters the wide space, the steam spreads and takes the 
shortest path to the open. This is probably the reason why the 
results of experiments on evaporation in jacketed pans do not show 
a regular relation between the transference of heat and the size of 
the heating surface, which was the case with heating coils. Large 
and small jacketed pans give almost the same transference of heat. 
The published values for k, vary greatly, they range from %k, = 1300 
to k, = 3300. The chief cause of the variation is probably the 
incomplete removal of air. On an average it may be taken that, 
in evaporating water in a copper pan with a double bottom or jacket, 
k, = 1400 to 1800 ; for bottoms up to 1 m. in diameter k, = 1800, 
from 1 to 13 m. diameter k, = 1700, from 1'5-2 m. diameter 
k, = 1600, and for larger pans k, = 1400. The transmission of heat 
- by eopper double bottoms for the evaporation of water is thus :— 


C = H6,1400 to 96,180 . x... 6) 


In the case of small pans up to 1 m. in diameter, the mean 
difference in temperature during boiling may be assumed to be about 
0:85 of that at the steam entrance; with pans of 1-2 m. diameter about 
0:75, and with larger pans about 0:65 of the same amount. But all 
these figures are somewhat variable, and it is not yet possible to 
ascertain what causes produce, now a larger, and then a smaller, 
fall in pressure in the double bottom in each case. The distance 
from the boiler, the bore of the steam pipe, the loss of heat in it, the 
kind of pan, the form and nature of the steam entrance and its width 
all play a part. 

With steam at 3-4 atmospheres pressure in the boiler it will be 
found that, in an open pan with a double bottom of about 1-2 sq. 
m., 30-100 litres of water are evaporated in one hour per sq. m. from 
quite dilute solutions. In larger pans the efficieney is somewhat 
smaller. In this case it is very advisable to arrange several entrances 
for the steam, by which the efficiency is considerably increased. 
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By means of equation (51) the following figures have been caleu- 
lated, showing how great an evaporation of water per hour may be 
expected with copper double pans of 500-3000 mm. diameter, with 
one steam entrance and steam pressures of 2-5 atmospheres absolute. 


Diameter of the bottom in mm. 


500 800 1000 1250 1500 1750 2000 2250 2500 2750 3000 


Depth of the bottom in mm. 
200 300 400 500. 550 600 600 700 800 900 1000 


Heating surface of the bottom in sq. m. 
0:33. 0:79 1.26 202 27 362 43 55 68 851036 


Atmos, 
abs. Water evaporated in litres per hour. 


2185 4 56 95 127 163 190 193 338 297 360 
3 80 6 9 159 212 wrl 200, 815 3887 4887208 
4 44 104 132 209 280 8358 400 420 503 627 766 
5 50 117 156 248 330 421 500 525 583 726 888 


Pressure. 


If 2-4 steam inlets are provided for the larger pans, the hourly 
evaporation may be half as much again as here given. 


‘ 


Example.—It was observed that, in a double-bottomed pan of 3450 mm. 
diameter (11'2 sq. m. heating surface), in one hour there were evaporated by 
steam of 2-2:5 atmos. absolute pressure 1200 litres = 107 litres per sq. m.; 
by steam of 2°5-3 atmos. absolute, 1500 litres = 134 litres per sq. m. (four steam 
entrances). 


If the water in a double pan is not bosling, but ıs only to be 
warmed by the steam, on account of the low temperature of the water 
the difference in temperature between steam and water is considerably 
greater than when the water boils. The tension of the steam then 
usually falls considerably even at the entrance, and when the heating 
commences is often zero at the side opposite the entrance. As the 
temperature of the water rises, the tension of the steam in the steam 
space also increases. It may be assumed that the mean difference in 
temperature @,, between steam and water during the whole period 
of heating until boiling commences, is about half the difference 
between the temperature of the hot steam, t,, and that of the liquid 
at first, t,. 
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The coefficient of transmission, having regard to incrustations, 
is k, = 1400. 

Thus, during the period of warming, the following quantities of 
heat are conveyed to the non-boiling liquid in one hour throush a 
copper double bottom heated by steam :— 


014000, = 00H - DD). u. 2. .505 
to C = 180046, = 900H(t, - t,), 


from which the heating surface may be calculated for any case. 

In most cases, in which steam of about 3-5 atmospheres pressure 
(130°-160° C.) is supplied to the pan, 1000 litres of water can be 
heated in 1 hour from 10° to 100° C. per 1 sq. m. of double bottom. 
If the liquid to be heated is thicker and less mobile than water, only 
a smaller efficiency can be expected. As the example in Chapter 
VII. shows, the transmission of heat increases as the temperature 
of the liquid rises. 


Examples.—The following are actual observations :— 

720 litres of water were heated from 13° to 100° C. in 28 mins. by 1'2 sq. m. (diameter 
of pan 1000 mm.) by means of steam at 34 atmos. pressure, 2.e., 1285 litres 
per sq. m. per hour. 

640 litres of water were heated from 12° to 100° C. in 30 mins. by 1'2 sq. mı. (diameter 
of pan 1000 mm.) by means of steam at 34 atmos. pressure, i.e., 1068 litres 
per sq. m. per hour. 

89-6 litres of water were heated from 20° to 100° C. in 16 mins. by 1'45 sq. m. (dia- 
meter of pan 540 mm.) by means of steam at 4 atmos. pressure, i.e., 746 
litres per sq. m. per hour. 

1075 litres of water were heated from 19'25° to 100° C. in 47 mins. by 1:5 sq. m. 
(diameter of pan 1295 mm.) by means of steam at 34 atmos. pressure, 2.e., 
921 litres per sq. m. per hour. 

4200 litres of mash were heated from 525° to 100° C. in 45 mins. by 4°5 sq. m. 
(diameter of bottom of pan 2450 mm.) by means of steam at 100° to 139° C. 
in the double bottom, i.e., 970 litres per sq. m. per hour. 

5000 litres of mash were heated from 65° to 100° C. in 20 mins. by 5°8 sq. m. (dia- 
meter of bottom of pan 2450 mm.) by means of steam at 3'5 atmos. 
absolute, i.e., 2596 litres per sq. m. per hour (two steam inlets and stirrer). 

21,000 litres of wort were heated from 685° to 100° C. in 50 mins. by 11'2 sq. m. 
(diameter of bottom of pan 3400 mm.) by means of steam at 3'5 atmos. 
absolute, i.e., 2256 litres per sq. m. per hour (four steam inlets). 


CHAPTER IX. 
EVAPORATION IN A VACUUM. 


A vACUUM apparatus is a closed vessel, heated by steam, or more 
rarely by fire, and in which a lower pressure than that of the atmos- 
phere is maintained by suitable arrangements. The diminished 
pressure—the vacuum—is obtained by leading the vapours, evolved 
from the liquid which is evaporating in the apparatus, through the 
shortest possible pipe into a second closed vessel—the eondenser— 
where they are precipitated directly by a jet of water or on well cooled 
metallic surfaces. 

In completely closed vessels a diminution of pressure, a vacuum, 
a partial absence of air, or even a complete loss of pressure, would 
arise through the liquefaction and disappearance of vapour alone, if 
air did not always enter from the evaporating liquid, the injected 
water, or by leakages (always present) in the walls of the apparatus. 
This air must be removed from every vacuum apparatus, thus an air- 
pump is always essential. 

A vacuum may be indeed obtained by condensing the vapours 
evolved from a closed vessel, but it will soon be decreased, since air 
enters from the liquid, from the water and through leaks. Without 
pumping out the air, a lasting vacuum eannot be obtained. 

The dimensions of the pipes, condenser and air-pump will be 
treated in later chapters. 

A vacuum apparatus may be made of any resistant form : spherical, 
egg-shaped, erect, horizontal, cylindrical, conical; it may be made 
of wrought-iron, cast-iron, copper, brass, lead or tin, also of earthen- 
ware, glass or porcelain ; it may be heated by steam (coils, double 
bottoms, systems of tubes), by hot liquids, or it may stand on the open 
fire. Everything depends on the properties of the material which is 
being treated and the end it is desired to obtain. 





u ze 
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Since a portion of the liquid, which is drawn into the vacuum 
apparatus, is evaporated and the residue remains, the capacity in 
most cases need not be as great as the volume of the dilute liquid 
to be evaporated within a definite time, but only sufficiently large 
to contain the evaporated liquid. In order to preserve a constant 
level in the apparatus the dilute liquid may be fed in as required. 
There are, however, occasional cases in which it is not permissible 
to feed after the commencement, the contents of the apparatus must 
then be equal to the volume of the dilute liquor. 

The proportion of the heating surface to the capacity depends on 
the object of the vacuum apparatus. For many liquids it is desirable 
to keep them in the vacuum as short a time as possible ; large 
_ heating surfaces and a small capacity will then be used. In other 
cases, in order to obtain crystals, the charge may be gradually 
increased. Experience must here be the guide as to the proportion 
of heating surface, which depends on the duration of crystallisation ; 
no universal rule can be made, except that the capacity is arranged 
to correspond with the desired output, and the heating surface with 
the time in which a definite amount of water (or of liquid) is to be 
removed from the contents. 

The first advantage of evaporating in a vacuum over evaporation 
at atmospheric pressure is that ?n vacuo all liquids boil and evaporate 
at considerably lower temperatures than under atmospherie pressure, 
thus there is a greater difference in temperature between the heating 
Steam and the boiling liquid, and, consequently, a much greater 
transmission of heat per sq. m. of heating surface. In fact for 
heating purpose in vacuo steam of very low pressure, at 100° C. or 
lower, may be used with great success. The exhaust steam from 
‚engines and other sources may be profitably utilised, for since the 
boiling points of most liquids are 40° C., or more, lower in vacuo, there 
is always still a great difference in temperature. 

Liquids, which boil at higher temperatures (180°-200°-210° C.), can 
generally not be evaporated under atmospherice pressure by means 
of high pressure steam, since steam would be required of such high 
temperatures, and, therefore, high pressures, that its application 
would be inconvenient, if not dangerous. The boiling points of 
these liquids fall, however, in the vacuum apparatus, so that steam 
of moderate pressure, as generally employed, may be used. In a 
Vacuum, rapid evaporation ınay be expected if there is a difference 
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in temperature of 10° C., or even of 5° C., if the liquid is not too 
viscous. 

The vapour pressures of liqwids in a vacwum (and under pressure) 
may be caleulated by means of a rule found by U. Dühring and 
published by E. Dühring in Neue Grundzüge zur rationellen Physik 
und Chemie, Leipzig, 1878. This rule, which does not appear to be 
quite reliable in all cases, runs :— 


The difference between the boiling points (t, and t,) of a liquid at 
any two pressures, divided by the difference between the boiling points 
(t„ and t,) of any other liqwid at the same two pressures, is a constant 
q for these two lıquids : 

1, - U, 
g=-—. 53 
1 L, > u, ) 

Example.—The boiling point of mercury is 357° C. at 1 atmos., 261° C. at 
100 mm. pressure. The boiling point of water is 100° C. at 1 atmos., 52° C. at 
100 mm. pressure. 


357 - 261 _%6_, 
100-928" 





Then g= 


The boiling point of mercury is 214°5° C. at 30 mm. pressure, 154'4° C. at 
5 mm. The boiling point of water is 291° C. at 30 mm. and 1'2° C. at 5 mm. 
pressure, hence 
2145 - 1544 _ 601 


1= ge ge 





Similar results are obtained for other pressures and liquids. 
The inaccuracy of the constant q is perhaps to be referred to insufficient 
knowledge of the boiling points. 


Thus, if the boiling point of one liquid be known at two pressures, 
the boiling point of another liquid at one of these pressures, and also 
the constant q for these two liquids, by means of this rule the boiling 
point of the second liquid at all other pressures may be calculated. 

Now if water be taken as the standard liquid, since its boiling 
points at different pressures are most accurately known, and, further, _ 
if 1 atmos. absolute be taken as one of the common pressures, since 
the boiling points of most liquids at this pressure have been carefully 
determined, then by means of this rule we can calculate the boiling 
points of all these liquids for all pressures, for which the constant q 
is known, or we can calculate the constant q for all the liquids, of 
which the boiling point has been observed at a second pressure. 
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Let t,= the boiling point of one liquid at a pressure of 1 atmos. 


absolute, 
t!,= the required boiling point of the same liquid at another 
pressure, 
t, = the boiling point of water at 1 atmos. pressure, 
= ” Hi; ? at the other pressure, 
then 1, 9, = q(100 - &,) | 
or (ar (a U 010 re 27 re 37:2) 


Example.—The boiling point of alcohol at a pressure of 1 atmos. is 4= 
78'26° C., that of water at 60 mm. pressure is Ü„ = 40° C., the constant for alcohol 
is q = 0'904 (Dühring), thus the boiling point of alcohol at 60 mm. pressure is 


f, = 78:26 - 0:904(100 — 40) = 24:02° C. 


The constants qg for about forty different liquids are given in 
Dühring’s book (see above), by means of them Table 15 has been calcu- 
lated, it gives for a number of liquids the boiling points under several 
diminished pressures, viz., at vacua of 526, 611, 710 and 750 mm. 


Dapım 19, 


The boiling points of certain liquids at vacua of 526, 611, 710 
and 750 mm., caleulated by Dühring’s rule. 








| [ 

230 En 139 mm.| 50 mm. | 10 mm. 
Con- | 760mm.| abs. | abs. abs. abs. 
stant. abs. ‚526mm. | 611mm. 710 mm. | 750mm. 


vac. | vac. vac. | vac. 
q | | 








Boiling points, t!,. 





Deere: . 21 =2.1100 70 60 40 | 10 
Alechol - - - -[0'904| 7826| 5114| 49-1 | 24:02 -3-1 
Biber... -110 34:97 4:97 \ - 5:03 |- 25-02 | - 55:09 
Acetic acid- - - -[1:164|119-7 | 84-58| 73-17| 49-84| 15 | 
Benzene - - - -|1:125| 80-36 | 4661| 35:36 | 12-86 |-20-9 
Turpentine (oil of) -|1:329 | 15915 | 119-28 | 106 79:81) 29-54 
Butyric acid - - -[1'228| 16170 |124-86 |111-6 | 87:02| 51-9 
Glycerin - - - -[1:25 |290 12525 |240 [215 |1775 
Merury - - - -|2 357:25 | 29725 | 27725 | 23725 | 17725 
ß-Naphthol - - -12 290 1230 |210 170 |110 
Carbolie acid - - -|12 |ı7rs [142 130 104 70 
(One): 0) Es ee 190 154 145 118 82 
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The second great advantage of evaporating in a vacuum is that the 
liquid does not become as hot as at atmospherie pressure, and that 
also the heating surfaces, since steam of a lower pressure is used, 
remain at a lower temperature—both great advantages, and even 
necessary for certain industries which deal with organic materials, such 
as milk, blood, gelatine, albumin. These substances require, if they 
are not to turn brown, or coagulate, not only that they themselves 
shall be evaporated at a low temperature (60°, 50°, 40° C.), but also 
that the heating surface shall not be too hot, in fact, shall not 
exceed certain limits which are different for each liquid. Now, as 
we have always observed, the side of the heating surface in contact 
with the liquid is always at a lower temperature than the side in 
contact with the heating medium, so that the latter may be somewhat 
warmer than the liquid may become, since the liquid never attains 
the highest temperature. This is, however, only the case when the 
liquid moves rapidly over the heating surface, so that its molecules 
have not time to attain a higher temperature and be injured thereby. 
Stirrers and violent ebullition afford a good protection against local 
overheating in liquids ; however, these means are often insufficient, 
and then the best method consists in keeping the temperature of 
the steam so low that no damage may be done under the most 
unfavourable conditions. This is attained in a happy manner by the 
evaporation apparatus of ©. Heckmann, Ger. Pat. No. 60,588. 

The transference of heat between steam and liquid im vacuo 18 
greater than at ordinary pressures, corresponding to the greater 
difference in temperature. FEquation (47) may be used to calceulate 
the heating surface, consisting of tubes containing steam, for vacuum 


Be 
evaporating apparatus—H, = (z008;) ’ 
Table 13 gives the evaporative efficiency of copper heating coils 
for vacuum apparatus also. 
In the case of double bottoms it may be assumed that the trans- 
mission of heat takes place in vacuo according to equation (öl). 


E16 a 
in which, For water, k, = 1600; 


‚„ thin liquors, k, = 1200; 
„tbick „ %,= 900-500. 
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Experience shows that in a vacuum apparatus at 650 mm. vacuum, 
there are evaporated in one hour per 1 sq. m. of heating surface :— 


With exhaust steam at 110° C., from water - - 100-110 litres. 
4 " n 1. ‚„ thin liquors - = 9.602705, 
n; @ 5 G „ethick - = .Sl- 48 0,, 
„ high pressure steam at 130° C., from water - 130-175 


thin liquors- 80-100 „, 
thick hin = 40- 55 „ 


” 2) ” „ ” 


„ „ IB ” ” 


CHAPTER X. 
THE MULTIPLE EFFECT EVAPORATOR. 


T#e processes which occur in a multiple evaporator, both in regard 
to the efficiency and the consumption of steam, are somewhat more 
complicated than in a simple evaporator, and not at first sight 
comprehensible. They will, therefore, be treated at some length. 
In eonsidering these evaporators there are two questions of prineipal 
importance, which will be dealt with in the present chapter :— 

A. How much water is converted into steam in each separate 
vessel of the multiple evaporator, and how much heating steam does 
each consume ? | 

B. What is the composition (percentage of solid or dry matter) 
of the liquor in each vessel ? 


A. The Evaporative Capacity of Each Vessel 


depends on the following conditions :— 

1. The temperature and pressure of the heating steam. 

2. The temperature and pressure of the steam produced in each 
separate vessel. 

3. The extent to which the liquid is to be thickened, and its 
specific gravity. 

4. The nature of the liquid, with regard to the ease with which 
it evolves steam. 

5. The height of the boiling layer of liquid in each vessel. 

6. Whether steam is withdrawn only from the first, or also from 
the following vessels (‘extra steam,’’ which may be used 
for heating other apparatus). 

7. Whether the econdensed water, from the steam used for heat- 
ing, is separately removed from each vessel or whether it 
all leaves with the temperature of the last vessel. 


THE MULTIPLE EFFECT EVAPORATOR. 63 


It will be assumed at first that the liquid to be evaporated is 
introduced into the first vessel at the temperature therein prevailing, 
so that no expenditure of heat is required for raising the temperature 
in the first vessel. 

It will be at once seen that the influence of all the above- 
mentioned conditions on the evaporative capacity cannot be ex- 
pressed in figures, if the results of experience and experiment are not 
specially employed to assist. However, the conditions of each case, 
though expressed definitely in figures, may change so entirely and 
produce so many varliations, that conclusions applicable in all cases 
cannot be drawn from a few cases, without great inaccuracy. 

The process of evaporation is as follows :— 

The steam from the liquor in the first vessel, D,, produced by 
the action of the hot steam, D,, which is supplied externally, passes 
into the heating chamber of the second vessel, there in its turn 
produces vapour from the liquid, and is condensed, escaping with 
the temperature, i,,, prevailing in the lower part of the liquid in that 
second vessel. The weight of liquid, W, which has lost the weight 
of water, D,, by evaporation in the first vessel, and which, con- 
sequently, now weighs W - D,, passes, at the mean temperature, 
ft), of the first vessel, into the second vessel, in which the mean 
temperature is only t,.. Thus, in cooling from £,, to t,, it must 
form steam. If c, be the total heat of the steam in the second 
vessel, then by reason of the hotter liquor entering from the first 
vessel 


Den is) ne RE... 


kilos. of steam must be evolved. 

In the second vessel steam is thus evolved both by reason of the 
heat of the hot liquid itself and also because of the steam, D,, coming 
from the first vessel. 

In the third vessel steaım is produced both by the heat of the 
entering liquor (W -— D, - D,) and also by reason of the heat of 
the steam, D,, which is the total steam produced in the second 
vessel. 

In the fourth and following vessels similar actions are produced, 
so that, in addition to the repeated action of the hot steam, there 
is also the repeated action of the steam produced by the decrease 
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in temperature of theliquor. Since 1 kilo. of steam at 100° C. contains 
more heat than 1 kilo. of stearn at 60° C., it follows that 1 kilo. of 
hot steam at 100° will produce more than 1 kilo. of steam at 60°, 
Neglecting the effects of higher boiling points and high columns of 
liquid, and considering simply the action of the steam, we find that 
1 kilo. of steam, evolved in one vessel, must always produce more than 
1 kilo. of steam in the next vessel, since the total heat (sensible and 
latent) of the hot steam is used, minus the quantity of heat carried 
away in the condensed water, the temperature of which is equal 
to that of the boiling liquid in the second vessel. In order to produce 
1 kilo. of steam from this boiling liquid, there is thus required the 
heat proper to 1 kilo. of steam minus the quantity of heat contained 
in the liquid. 





This purely schematic process suffers alterations by reason of 
the conditions enumerated above, 

Although, as we shall see later, the somewhat complicated for- 
mul®, based on the principles just laid down for estimating the 
evaporative capacity of each single vessel, have no great practical 
value, yet they will be given here. 
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Figs. 7 and 8 give diagrammatic pictures of double and triple 
effeet evaporators, in which the letters represent the conditions 
at their respective positions :— 

W = the weight of liquid introduced into the first vessel. 
U = the weight of liquid drawn from the last vessel. 
t, = the temperature of the liquid to be taken into the first 
vessel. 
D, = the weight of heating steam used in the first vessel. 
= the total heat in 1 kilo. of this steam. 
D., D,, D; = the total weights of steam evolved in the vessels. 
C, C9, €, = the total heat in1 kilo. of each of these quantities of steam. 
tj, ta, t, = the temperatures in the steam spaces of the vessels I., 
Er, I. 
En img» im; = the temperatures of the middle layers of the liquor. 
bu buo bug = the temperatures in the lowest layers of the liquor. 

b,, d,, db, = the weight of condensed water running out of the 

vessels. 


The temperature of an evaporating liquid of any considerable depth 
is not the same at all parts, it is lowest at the top, highest at the bottom 
and has a mean value about the middle, since the specific gravity (which 
is almost always more than 1 and may reach 1'4), and the height of 
the column of liquid under which the vapour is evolved, cause a. 
higher vapour pressure, and thus a higher temperature of vapour and. 
liquid. 


In order to obtain the equations representing the consumption of 
heat in the separate vessels, the following facts are utilised :— 
1. In the condition of equilibrium the quantity of heat supplied 
to one vessel must be equal to that which it gives out. 
2. The weight of the heating steam used in each vessel is equal 
to the weight of the condensed water formed in that vessel. 
For the double effect evaporator the following equations are 
deduced from these conditions :— 
In D=b, U=W-D-D .:.%.%. 0.0. (86) 
D=-W=U=-D, 
(W = DJ + Dic; = Ditu + Dyos + (W - Di - Do)ine 
De, + Win — Dita = Dilug + Dy6o + Ulme 
Di(e, - bay — bu) = Ulna - Win + Wi, - U, - Di, 
een en. ne N) 
5 
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= Wie — En) — Ule, — Ems) 








D 
2 C, u o 6 Zu; Ca Fi bye =>) 
Do + Wir = Dita + Dit + (W - Dim 
De Die — tm) + Wen = tr) (59) 


7 Fr bu 


For the triple effect evaporator the following equations are deduced 
from the same conditions :— 
D,cı, + (W - D,)imı = Da + (W - Di - Do)timg + Dibu 
D,c; + Win - Ditmı = Do6g + Wing — Dilmg — Dolme + Dite 
D;(c, — bay + bmg — bus) + Wim — Img) = Da(6g — Img) 
Dy(o, — bin) = lt — Img) 











D, = 
1 Cı = Uni + Ing u bye o 
Ds, + (U + Dy)img = Dokus + Da6s + Umg 
Due 
Dy(Cg — bus) + Old — Img) = Dz(6 — Img) 
Dr, 2 
Cz Es; Img 
D#+Dm + DW eUü 
Mes) Wing = m 
„(e 2 m2) j ( m] m2) As D, 
Cı = bn1 u Eng = buo 
a Dy(6, — bus) + Ulimg — bms) _ wi 
a 
Co — Am Co — buy Uling — img) 
0} 1 2 m? 2 =) m? ma} 
et Cı r Img . Can au ba ni Cz = Ina % Ca => Eng 


Wii; — Ems 
u- u Ge WET 
Dig + Wi, = Die + Doku + (W - Dt 
Dy6, + Wi, = Dicı + Doku + Win, — Dibm 
Die, a) FW = 61) = Dılcı - im) 
= D,(c; - im) - Wi - Em) 


ba 





(63) 


It must be admitted that the formuls for the double effect are not 
very elegant, and for the triple effect are already exceedingly compli- 
eated; for the quadruple effeet quite cumbrous formulz would be 
obtained, which are therefore not given here, and which, moreover, 
would not be applicable in practice. 

It would be possible, by means of these equations for the double 
and triple effect evaporators, to calculate the evaporative efficiency of 
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each single element, and the consumption of steam for the whole 
apparatus for any definite case, if the temperatures prevailing in each 
vessel were known. This is, however, d priori not the case, for in 
order to caleulate the efficiency of an evaporator only the following 
are given :— 


1. The evaporation, W - U, to be accomplished in unit time. 

2. The temperature, t£,, at which the liquid enters. 

3. The temperature of the heating steam, t,, and its total heat, c,. 
4. The vacuum in the last vessel, hence t, and c,. 


The formuls require, however, as has been said, a knowledge of a 
number of temperatures, which are conditioned by the form and size 
of the heating surfaces, the height of the boiling layer of liquid, and 
the specific gravity of the liquid, all of which are not known &d proori. 

It would thus be necessary, if the above equations were to be 
utilised, to assume arbitrary values for these temperatures, without 
warranty that they would really be attained in the constructed 
apparatus. 

Thus the only possible way of recognising the influence of all 
these conditions on the result, lies in calculating the evaporative 
capacity of the single parts of the apparatus for a large number of 
different conditions, chosen arbitrarily, with particular attention to 
limiting values. If the results so calculated be arranged in tabular 
form, then it will be fairly easy to see in each case how the result is 
altered when those conditions (temperatures, pressures, ete.,) are varied 
which are independent of the data. 

It is first necessary to consider in some detail the processes in the 
apparatus, before performing the calculations and arranging the tables. 

It is at once evident the amount of evaporation in each vessel is 
not the same, but rather is different in each, since the liquor, in 
passing from a warmer to a colder vessel, must use its excess of 
heat in evaporating water. The larger is the difference in temperature 
between two vessels, the larger will be this evaporation, which we 
may call the self-evaporation. The difference in temperature between 
the single vessels of an evaporator may be very different. 

It is of considerable importance to know how much hot steam 
must be supplied to the first vessel in order to accomplish a certain 
desired evaporation in the whole apparatus. Other conditions being 
the same, this necessary consumption of heating steam will be the 
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smaller, the more self-evaporation takes place in the separate vessels. 
On this account, also because a more accurate idea of the procedure 
of the evaporation will be obtained, and finally because it is the 
simplest course (especially if certain approximations be permitted), in 
the next place we shall find how much water is changed into steam 
by self-evaporation in each vessel of a multiple evaporator in different 
cases arbitrarily chosen, and then how much heatıing steam is used in 
each vessel, and especially in the first. 

An inspection of Fig. 9 will facilitate the formation of the equations 
given below. 

The specific heat, o,, of the liquid will in what follows always be 
taken as unity. Its boiling point will be taken as equal to that of 
water; if it is higher, the self-evaporation is somewhat larger. 

In the first vessel, by means of the admitted heating steam, d,, the 
weight of liquor, W, is first heated from its original temperature, i,, to 
the temperature, t,,, prevailing in the first vessel, and then by more 
heating steam, d,, the weight of water, d,, is converted. into vapour. 
The condensed heating steam, d, + d, = b, = D,, flows away at the 
temperature, L,,- 


The consumption of heating steam in the first vessel is thus 


Win - + dı(c, ) 
ee ü 


D,=d,+d = (64) 





In the first vessel the steam, d,, is produced, 
de m 
The liquor (W - d,), at the temperature t,,, enters the second 


vessel, in which the temperature is t,„,, and hence evolves steam 
from itself, forming the amount of steam, s,, from its excess of heat 
(W u d,) (bi Fr Eng): 

u MV a a 


2 
6, u Ing 


The steam from the first vessel, d, = D,, enters the heating 
chamber of the second and produces steam in the second vessel: 


d,(c, 5 7) = d,(Cy ” bn2) 
therefore dı(cı = tu) (66) 
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Thus, in the second vessel the weight of steam, D,, is formed: 





DIE [= Den — kma) er Di(cı - tue) . (67) 
7 “ a Br Cg — bmg 
From the second vessel there goes into the third the liquor 
W-D,-D,=W -d, - s, - d, This liquor is at the tempera- 
ture t,, and falls in the third vessel to the temperature t,,. The 
difference in heat produces the weight of steam, s;. 
ge (W = dı = 89 — dy)(tmg — Ims) EINEN, (68) 


Cz = Eng 





The steam, s,, produced by self-evaporation in the second vessel 
has the quantity of heat, c,; in the third vessel it evaporates the 
weight of water, o,. 


na a ru Fe 


Ca =. Lug 


Finally, there comes into the third vessel the steam, d,, which in 
its turn produces the steam, d,. 
d, = le ka) u 
Ca re Eng 
The total weight of steam, D,, produced in the third vessel is thus 
D,=s; +0, +4, 
_(W = dı = 59 = do)ling — Ems) + (89 + 4)(& — tus) 
e Ca Far bung 
In the fourth vessel there is formed by self-evaporation the 
steam, S,, 








(71) 


(W - D, - D, - Do)(ims — Ima) 





ee ee (72) 
also the weight of steam, o,, produced by the steam, s,, 
au. 
7 = Ema j 
and the weight of steam, A,, produced by the steam, o,, 
ee Sr 25 


Gy Zu Im 
Finally, the steam, d,, produces in the fourth vessel the weight of 
steam, d,, 


_Ag(6; — bus) 75 
d, — Te En ‘ . . . . . . ( ) 
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In the fourth vessel there is thus produced the total weight of 
steam, D,, 
D,=s, +4, +, +X 

E DD ED ED)NGs a) GH ,)(C; =) (76) 


Gy 57 ( 





It is now necessary to make a deviation, in order to simplify 
these still very complex equations, especially in regard to the many 
different temperatures. 

It is known that the temperature of the boiling liquid is not the 
same in all parts; at its surface the boiling liquid has the temperature 
of the vapour evolved—t,, t,, t, or t,—but at the bottom the steam 
bubbles have to penetrate the layer of liquid, they must therefore over- 
come a pressure corresponding to the column of liquid. Thus the 
steam must have a greater pressure at the bottom of the liquid than 
at the top, and to this pressure corresponds a higher temperature of 
the steam. 

If s, be the specific gravity of the boiling liquid, h, its height in 
metres, B the height of the water barometer = 10'333 m., then the 
hydrostatie pressure at the lowest level of the liquid is, in atmospheres, 


Sm 
p = Er . . . . . . . . (77) 
or in millimetres of mercury, 
Sl 100 


By means of this equation, the pressures of columns of liquid 
0:2 to 2:0 m. in height, of specific gravities, s,, from 1'0 to 1'4, have 
been calculated ; the pressures are given in column 3 of Table 16. 
By adding to this pressure, the pressure above the liquid, the total 
pressure is obtained at the particular place, and thence, by means of 
the tables of Fliegner, Zeuner, etc. (see Table 9), the temperature of 
the vapour or liquid. The difference, t,, — t,, is the number of degrees 
of temperature by which the liquid at the bottom must be hotter 
than at the surface, in order to evolve steam. 

In the diagram (Fig. 10) the abseiss& give the pressures of water 
vapour from 0-2 atmos. in cms., the ordinates the temperatures of the 
vapour at these pressures, according to Zeuner. By means of this 
diagram the temperatures in Table 16 were determined, by adding to 
the absolute pressure over the liquid the hydrostatic pressures given 
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in column 3, and then seeking in the diagram the temperature 
corresponding to the sum. 


Curve showing the temperatures of steam at absolute pressures from 
0 to 152 cms. of mercury. 
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Example. —At a vacuum of 668 mm. the absolute pressure is 92 mm. of 
mercury, the temperature of water vapour 50° ©. A column, h = m. Rich, 


of liquid of the specific gravity, s = 2, exerts & hydrostatic pressure, 
2x1 0 : 
= en — 147'1 mm. (equation 78). The total pressure at the bottom 


of the liquid is thus 92 + 147'1 = 2391 mm. At this pressure the diagram in 
Fig. 10 gives 70° C. The temperature of the liquid at the top is 50° C., thus the 
difference in temperature between top and bottom is ty, - & = 70° - 50° = 20° C. 


It will be seen from Table 16 that in the case of liquids under a 
pressure of 1 atmos. or more, the differences between the boiling points 
at the top and bottom are not very great, and are even quite moderate 
when the specific gravity and the height of the column of boiling liquid 
are great. If, however, there is a vacuum above the liquid, the dif- 
ference between the upper and lower boiling points increases consider- 
ably, and, in the case of heavy liquids and high vacua, has a very 
disturbing effect. 

There is, as we shall at once see, 4 eireumstance which makes 
the retarding action on the heat transference of high columns of 
liquid less sensible, but in spite of that the rule remains that 6 2s 
in the interest of a great evaporative capacity to diminish as far as 
possible the height of the boiling layer of liquid, in order to lose as 
little as possible of the fall in temperature. 
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The reason why the lower layers of violently boiling liquids, 
which are under the whole pressure of the column of liquid, are not 
at a temperature corresponding to their hydrostatic pressure, is the 
following :— 

Oonsider a steam bubble rising through the liquid as divided by 
a horizontal plane at its greatest section, then a greater pressure is 
exerted on the lower half from below than on the upper from above. 
If the steam bubble had the shape of a cylinder with vertical axis 
and horizontal ends, the difference in pressure would be equal to the 
pressure of a column of liquid of the height of the cylinder. If the 
bubble were spherical, the difference in pressure would be equal to 
the height of a column of liquid of half the diameter of the sphere. 
(The upward force itself is equal to the weight of a quantity of a 
equal in volume to the bubble.) 

In large vessels, in which many steam bubbles are rising at all 
parts, the hydrostatic pressure is not altered on this account, also in 
tubular heaters a small layer of liguor on the wall of the tube, con- 
necting the liquid above and below the steam bubble, transmits the 
total hydrostatic pressure below. The larger and higher the bubble, 
the greater is the difference between the pressures acting on it from 
below and above, and this excess of pressure rapidly drives up the 
bubble and the liquid above it. 

The kinetice energy of the liquid thus produced often raises 
considerable quantities above the surface, which then fall back and 
sink down at less heated parts of the apparatus. There is thus 
produced a cireulation : the boiling liquid rises rapidly on and above 
the heating surface, gives off its steam and excessive heat and then 
returns cooled to the bottom. 

The falling liquid is thus in fact cooler than it must be in order 
to form steam at the bottom, since it is only at the temperature of 
the surface. The difference in temperature (fall in temperature) 
between it and the heating steam is thus at first greater than it 
should be as a consequence of the hydrostatic pressure. 

It should not be assumed that the differences of temperature, 
given in Table 16, between the upper and lower layers of boiling 
liquids, quite represent the actual conditions. These differences are 
in fact always less and only hold good for liquids at rest, which are 
not considered here. 

Since the heights of the columns of liquid are generally made as 
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TABLE 16. 


Increase in vapour pressure and rise in boiling point in the lowest 
gravities, s,, of 1'0-1'40, and steam pressures over the liquid of 





Temperature of evaporation attop - C. | 1164° | 1117° , 106-3° 100° 
Absolute pressure at top - -mm. | 1330 1140 950 760 
Vacuum at top - - - -mm. — —_ — _ 








Hydrostatic 

Height of Specifie pressure of 

the liquid, gravity of the liquid. Temperature, in degrees Centigrade, 
hr. the liquid. 

mm. of 

Metres. Sfe mercury. 





0.20 15:49 
17:03 
18:58 
20:13 
21:68 


38:73 
42:60 
4676 
50:34 
5422 


58:10 
63:90 
6972 
75:53 
81:34 


7147 
85.21 
9296 
10071 
10845 


111:20 
12230 
133-44 
144:56 
151:68 
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PıaBLE 16. 


layers of evaporating liquids at depths of h, = 0'2-2:0 m., specific 
1310 to 31:5 mm. of mercury. (Loss of the fall in temperature.) 


95° 90° S0° 70° 60° 
633 525 354 233 1487 
126 234 405 526 611 


50° 40° 30° 
92 | 549 31-5 
668 | 708 728 





by which the boiling point of the liquor is higher at the bottom than at the top. 





0:5 0°5 1 il 2:5 
0:5 0°5 1:5 1'5 2:8 
1 1 1:5 eb 2:5 
1 1 1:5 1'5 2:5 
AR 1 2 2:5 3 
2 1:5 2:5 38 45 
2 2:5 2:5 4 d 
2:5 2:5 3 45 dd 
2:5 2:5 3 d 6 
2:5 3 35 d 65 
2:5 3 4 d 7 
3 35 45 545) 75 
3 35 d 6 8 
3 4 d 6°5 9:5 
35 4:5 5) N 10 
35 |. 45 d 7 9:5 
4 4-5 ) 129 10°5 
4 d Bd 75 1 
4:5 d 6 8 12 
4-5 5 65 9) 12:5 
d 15305) 6°5 9:5 12:5 
5) 6 7 10 13°5 
d 6°5 Te a 14:5 
69 | 7 8:5 12 15 
6 I 9 12:5 16 
dd 75 I 12:5 16 
6°5 75 10 13 Io 
L 8 10 14 18:5 
8 5, 1! 15 20 
8:5 3) 12 15°5 21 




















2:5 d 65 
3 d 7 
3 d 8 
3° dd 8:5 
4 dd I 
65 10 15 
7 10 15°5 
% au 16 
9:5 12 17 
10 13 18 
10°5 14 ID 
el 15 20 
12 16 21 
12:5 1 22 
13 18 24 
13 18 22 
13°5 19'5 24:5 
15 20 26 
15°5 21 278 
16°5 22 29 
1% 225 29:5 
18 23 3l 
19:5 25 32 
20°5 26 34 
21 275 39 
21 27° 395 
23 29:5 36°8 
24:5 30 38:5 
258 32 39 
26°5 330 41 
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small as possible, and further, since the liquor in the first vessels of 
the apparatus rarely has a high specific gravity, in most cases in 
caleulating the quantity of steam developed in each vessel this difference 
in temperature between the top and bottom may be neglected without 
introdueing any considerable error. In fact the error due to this 
approximation is for the first vessel rarely more than 0'25 per cent., 
for the last vessel about 1 per cent., of the steam produced by self- 
evaporation, and may thus safely be neglected. 

In determining the efficveney of the heating surface per sq. m. and 
the temperature difference, this difference between the temperature at 
the top and bottom of the liquid should not be neglected. 


To return to the equations. In agreement with the preceding 
remarks, by neglecting the differences in the temperatures of the liquor, 
and thus removing those temperatures which are d priori unknown, 
the equations previously given may now be written as below. 

‘ Consumption of heating steam in vessel I. :— 








De Wit z Wert (79) 
o-L Sasr 
Steam from vessel I. :— 
Died, Tara re Di 
Steam from vessel II. :— ® 
BE (W - d,)(t, - b,) + dılc, - t) (81) 
2 Ög se Du * ” * * 
2 W- dh) - b) de d,(c, = 2) +8 
ä Cg — bg z Co — ba 


Steam from vessel ILI. :— 
2 (W u d, ei A d,)(t, = t,) 73 (S3 £g d,)(C, ER t,) , (83) 





D; 
u 7° 
_W -dı = 8 - dylta - %) _ Ale, = %) 
y 03 = by © 9 -u si 
_ SalCy — 13) _ Gylc, = 65) 
es = ET (85) 


Steam from vessel IV. :— 


m (W - D, - D, - D;)(ty - 6) + (d, +8, + oy)(Cy - &) (86) 


a 4-4 
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W-D,-D - Di); - 4) 
t 


4 


d, = d,(c, 3: t,) . (87) 


u ’ 9b 

ss(t, — Lt d,(c, - t 
0, a A ne 2 0...(88) 
_ FC, = &) _ dylcz = t,) 
NZ Se, Be ee ER (89) 


Steam from vessel V. :— 








n,-(W=Di-D,-Di-Dou-W+bsrotr tät) (po) 
er ee N nn re oh 

- za a rn a 

Ne un m di, a ” ee 

u il i nn a ca 


To proceed now, by the aid of these equations, to calculate the 
Steam evolved in each vessel in any special case: for this calculation 
only the following are known :— 


1. The quantity of liguor introduced, W, and its temperature, {,. 

2. The quantity of evaporated liquor drawn off, U, and its tem- 
perature, t, (t.e., ba, b,, I, Or L,). 

3. The temperature and heat of the heating steam, £, and c,. 

4. The temperature and heat in the last vessel, t, and c,. 


All the remaining values, especially the temperatures and 
pressures prevailing in the separate vessels, are unknown, for they 
depend essentially upon the ratio of the heating surfaces of the 
separate vessels to one another, and this ratio is different in almost 
every apparatus. It must thus be our next endeavour to ascertain 
the most favourable proportion of the heating surfaces, in order that 
the conditions for the least consumption of steam (D,) may be 
found, and also that dimensions corresponding to its evaporative 
capacity may be given to each vessel. However, it is impossible at 
present to calculate these values for any special cases, because of the 
want of knowledge of the temperatures, consequently the only course 
is to assume the temperatures in the separate vessels for many cases, and 
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especially for the limiting cases, and on these assumptions to caleulate 
the corresponding evaporative capacity of each vessel. When these 
many cases have been arranged in tabular form, it will be easy to 
select the best in each case. It will also appear from the calculations 
that the amount of evaporation effeeted in the first vessel, and also the 
actual consumption of heating steam by the multiple effect evaporator, 
are not to any considerable extent proportional to the fall in temperature. 

In Table 17 is given the amount of evaporation obtained in double, 
triple and quadruple effect evaporators, in the separate vessels of 
which different falls in temperature are assumed. The figures are for 
the evaporation of 100 litres of liquor to one-tenth (01), and one 


quarter (0'25); intermediate cases are not given, since it is found that 


the extent of the evaporation has not much influence upon the output, 
the reason being that the larger the portion of the original liquor 
which is not to be evaporated, the larger is the volume of liquor taken 
from vessel to vessel, and consequently also its self-evaporation in 
the next vessel. But this self-evaporation (which is the cause of the 
greater evaporation in the later vessels than in the earlier) is always 
but a small fraction of the whole evaporation. The method of 
caleulating Table 17 will at once be illustrated by means of an 
example. It is always assumed that the liquor enters at the tempera- 
ture of the first vessel, t.. A lower temperature of the entering 
liquor, which frequently occurs in practice, must naturally be com- 
pensated in constructing the apparatus by increasing the heating 
surface of the first vessel; we shall afterwards return to this point. 

In Table 17 are first given the temperatures t,, t,, t, f£, (in 
separate columns), which are assumed as prevailing in each vessel. 
This is done for many cases, as far as possible for the limiting condi- 
tions. Also apparatus is considered which works at pressures above 


atmospheric, without an air-pump, e.g., in the second line for the triple 
effect :— 


Vessel I., 130° ; vessel II., 115° ; vessel III., 100°. 


Then, corresponding to each temperature, are given the total 
calories, C,, Cy, Cy Cy Cy„ contained in 1 kilo. of steam at these 
temperatures. 


Example.—100 litres of liquor are to be evaporated to 10 litres in a quadruple- 
effect evaporator, in the elements of which the temperatures 100°, 95°, 85° and 50° 
6. are maintained. How much water is evaporated in each vessel ? 





. 


1er en ni an 


Be, 
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In accordance with what has gone before, the problem can only be solved by a 
process of trials. 


If 90 litres are to be evaporated, were there no self-evaporation, each vessel 
9 ; A 
would evaporate ee 22-5 litres; we know, however, that, as a matter offact, by 


self-evaporation, the following (unknown) weights of steam are produced in the 
later vessels: s,, s,+ @,, s, +0, +A,. Let us, therefore, assume as a preliminary 
that the evaporation is divided as follows :— 


Vessel - - = 1% I, II, Ly. 
Evaporation - - 20 22 23 25 litres. 
Liquor introduced - 100 s0 58 35 r 
0 = 0a = le0B = 2:14 ® 
The self-evaporation | z SR 0-745 © _ 1:08 
is then \ = 5 a 
Au Olahe, 


These weights of steam produced by self-evaporation are found from equations 
79-89; assuming the total evaporation in each vessel, as follows :— 


The self-evaporation in vessels 1 EI sandrEvesis 


(W - d,)ltı - 1) _ 80(100 — 95) 





S5= a 0355 08: = 0'74 kilo. 
_(W- D, - Da)(ta - t,) _ 58(95 — 85) _ 5. £ 
= ee a a > 7: Doiee 1:06 kilo. 
= (w = D, = Ds = D;)(t; == t,) = 35(85 = 50) 9% : 
y4= ers: or 14 kilos. 


The evaporation produced in vessel ILI. by means of the steam, s,, is 


So(c, — t,) _ 0:74(635°5 — 85) 





= = ga — 0745 Kilo, 
In the vessel IV. s, evaporates 
S3(63 - t,) _ 106(632 - 50) _ 1.08 Ki 
a 


Finally, o, effects in vessel IV. the evaporation, A,, 


al = 4). 07450682 = 50) _ rk 
a ren 





Thus the preliminary calculation gives the following series of results :— 


Vessel - - - I Il. Zr IV. 
Evaporation - - 2087 21:62 22-67 24:85 litres. 
Liquor introduced - 100 79:13 D7°bL 34:85 kilos. 


These results do not differ considerably from the assumptions made. If they 
are made the basis of a fresh calculation, in order to obtain greater accuracy, we 
have in a similar manner :— 
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„_ 79:13(100 - 9) 
75 
_ 57:51(95 — 85) 


= 0'7325 litre. 








An ee 
MR: = 2139  „ 
ni ME N 06 „ 
s 32 — 
ee 
_ 0:736(632 - 50) _ 9.749 


ee TDT7 250 R 


From this final calculation we obtain the figures :— 





Vessel - - el: IM, EM, 1% 
Self-evaporation - O Sg = 07325 seele s; = 2'133 litres. 
= 0 er 7 
— — U DO 


Total, 1'787 





Total, 3'952 F 


Self-evaporation and its consequences thus produce an evaporation of 0:7325+ 
1'787 + 3'952 = 6'4715 litres of water; there remain still to evaporate 90 — 
64715 = 83'5285 kilos., which weight is divided almost, but not quite, equally 
between the four vessels, in such a manner that the steam from one vessel 
always evaporates rather more than its own weight from the next vessel. 








G-1t ab G-I 

83- ee fa 2 1 De 3 

a dı + er: ve 
a nen 





En (1 637 - 95 _ 6397-95 , 685:5 - 85 
. 6855 - 95 6355-9 682 - 85 
6377-95 6855-85 632 - 50 
6855-95 632-8 6217 - no) 
= d,(1 + 1'004 + 1'004 x 1'006 + 1'004 x 1:006 x 1:02). 
= d, 4044, 
83-5285 
Therefore d, = 1.044 
d, = 20'655 x 1'004 = 20'731 litres of water. 
d, = 20731 x 1'006 = 20°850 
d, = 20850 x 1'020 = 2126 











—= 20°655 litres of water. 


„ 
” 


Thus each vessel, including the self-evaporation, evaporates the following 
quantities of water :— 


Vessel - - - I I, III. IV. 
Regular evaporation - 20655 20731 20850 21'26 litres. 
Self-evaporation ae 073235 IT - 892 , 








Total - -  20:655 + 214635 + 22637 + 25212 = 899676 litres of water. 
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TApnn 7. 


The Weights of Steam evolved in each separate vessel of a double, 
triple and quadruple effect evaporator per 100 litres of liquor: 
d,, day, etc. ; S], Sp, etC.; 0, 05, Ay;. by transference of heat and 
by self-evaporation, when the liquor is evaporated to 0'l and 0'25 
of its original weight. Regular evaporation (without extra steam) 
in apparatus with different falls of temperature. 





Double effect. Evaporation to 0'1 W. Evaporation to 0'25 W. 




































































































t (6 to Co D, Sy ds D; 

100 | 637 50 | 6217| 41:6 | 4:98 | 4342| 48°40| 33:97 | 57 35:33) 41°03 

100 | 637 60 | 6248| 4215| 4:05 | 43°8 | 4785| 3452| 4:58 | 35:9 | 4048 

100 | 637 70| 6278| 42:64| 3:03 | 4433| 4736| 35°08| 3:44 | 3648| 39-92 
95 | 6355| 50| 6217| 419 | 45 43:6 | 48:1 | 3420| 523 | 35:57 | 40:60 
95 | 635°5| 60 | 6248| 42°4 | 3-49 | 4411| 47°6 | 3482| 3-99 | 36-18 | 40:17 
95 | 635°5| 70| 6278| 42:9 | 2:52 | 4458| 47:1 1 35°3 | 2:86 | 367 | 39:56 
90 | 634 50 | 6217| 42-3 | 3-71 | 4399| 4770| 347 | 4:23 | 36 4023 
90 | 634 60 | 6248| 42:29| 2:49 | 4522| 4771| 35°17| 3:24 | 36:59) 39-83 
90 | 634 70 | 6278| 43 1:99 | 45°01| 470 | 3613| 2:28 | 3759| 39-87 
85 | 632 50 | 6217| 42:3 | 37 44:0 | 47'701 3495| 3°7 36:35 | 4005 
85 | 632 60 | 6248| 4229| 2:49 | 4522| 4771| 35°3 | 2:82 | 36°7 | 3952 
85 | 632 70| 6278| 43°4 | 1:46 | 45:14 | 4660| 35°95 | 1:65 | 374 | 39:05 
80 | 631 50 | 6217| 42:15| 2:96 | 4489| 4785| 35°1 | 3:36 | 3654| 39:90 
80 | 631 60 | 624-8] 43 2:00 | 45 47 3569| 2:18 | 3713| 39-31 
80 | 631 70 | 6278] 43°6 | 1:00 | 45°4 | 464 | 3622| 1:11 | 37:67 | 38:78 

135 | 647:7|100 | 637 | 42:3 | 3:67 | 44:03] 477 | 3472| 4:16 | 3612| 40-28 

122.5| 643-8100 | 637 | 42-9 | 2:34 | 4476| 47:1 | 35-46 | 2:65 | 36-89 | 39-54 

108 | 639:6| 70| 6278| 42:3 | 3:84 | 43:86 | 477 | 34-65 | 4:31 | 36-04 | 40-34 

102:5| 6373| 60 | 624-8 42 4:25 | 43:76) 48 34:40 | 4:81 | 3579| 40:60 
97:5| 636°5| 50| 6217| 41°8 | 472 | 43-48| 48:2 | 34: : 

115 | 641:6| 50| 6217| 40-8 | 6:77 | 4243| 49-2 

115 | 641:6| 60| 6248| 414 | 5:60 | 43:00] 48°6 

115 | 641:6| 70| 6278| 41:9 | 4:59 | 43°51| 48-1 
























Average | 4230| 3°486 | 442 | 47'67 






1l 
Minimum " 1:1°206 
Maximum 1 








el, 1% 
Minimum IE 
Maximum 1 
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TABLE 17—(continued). 






































Triple effect. Evaporation to 0'1 W. 

GC to C5 lz C, D; Sg ds D, B 
649 | 130 | 646 | 100 | 637 218- | 1'89,1,28 29:39 | 2:34 
646 | 115 | 6416| 100 | 637 277 | 2:04 | 28 30:04 | 1:17 
646 | 115 | 6416| 50 | 6217 | 26:56 | 2:07 | 26:82 | 28:89 I 478 
646 | 115 | 6416| 60 | 6248 | 26:8 | 2:07 | 27 29:07 | 4:10 
646 | 115 | 6416| 70 | 6278 | 26°8 | 2:07 | 271 2917 | 3:39 
644 | 105 | 638:5| 60 6248 | 26:56 | 2:60 | 26:82 | 29-42 | 3-4 
644 | 105 | 6385| 70 | 6278 | 26°56 | 2:60 | 26:82 | 29-42 | 2-8 
643 | 110 !640 | 100 | 637 28-37 | 132 | 28:65 | 29-97 I 0-78 
643 95 | 6355| 50 :| 6217 | 2617 | 3:38 | 2643 | 29-81 | 3-3 
643 95 | 6355| 60 | 624°8 | 264 | 3:38 | 26°6 29-98 | 2-6 
643 95 | 6355| 70 6278 | 26:64 | 3:38 | 26°96 | 30-34 | 186 
6416| 95 | 6355| 70 | 6278 | 27:16 | 2°6 2743 | 30'03 | 186 
6416| 90 | 634 60 6248 | 268 | 31 27:06 | 30:16 I 1:94 
6416| 85 | 632 50 1.6217 | 25-96 | 4:03 | 26:22 | 80:26 1 2:60 
6885| 95 | 6855| 50 | 6217 | 27:54 | 1:33 | 27:81 | 29137 33 
6385| 95 | 6355| 60 | 6248 | 2772 | 1:33 | 25:04 | 29:37 | 2:6 
6385| 95 | 6355| 70 | 6278 | 28 133 | 282 | 29:53 | 1°86 
637 90 | 634 50 :| 6217 | 2778 - 1:81 | 28:05 | 29861 2% 
637 90 | 634 60 | 624-8 | 28:03 | 1:31 | 28:31 | 29:62] 1:94 
637 90 | 634 70 | 6278 | 28:80 | 1:31 |: 28:48 | 29791 1:80 
637 80 | 631 50 6217 | 27:03 | 2:62 | 27:30 | 29:92 | 2-20 
637 80 | 631 60 624-8 | 2728 |.2:62 | 2755 | 80:17 | 145 
637 80 | 631 70 6278 | 2754 | 262 | 27:81 | 30:43 | 075 
636 84 | 632 70 :| 6278 | 2794 | 170 | 28-17 | 29:87 | 1:00 
6355| 80 | 631 50 | 6217 | 27:43 | 19 2770 | 29:60 | 2°2 
635:5| 80 | 631 60 6248 | 2774 | 19 27:94 | 29-84 | 1-45 
635 76 | 630 60 6248 | 2761 | 225 | 27:88 | 30.13 | 1:18 
634 80 | 631 50 6217 | 27:91 | 1:30 | 28:18 | 29-48 | 2-2 
634 70 | 6278| 50 6217 | 2731 | 2:58 | 27:58 | 30:16 | 145 
6355| 85 | 632 50 6217 | 2778 | 1-81 | 28:05 | 29-36 | 2-60 
635°5| 85 | 632 60 624-8 | 28-02 | 1-31 | 28:30 | 29-61 | 185. 











Average | 2733 | 2:147 | 27:59 | 29-72 





THE WATER EVAPORATED IN 


’ 


1: 1'088: 1'2048 


Di:d:d,= 
1.011021 


Evaporation to 0'25 W. 


EACH VESSEL. 





























0 d. D, ID do 5; 
1-44 | 29 3278 12262 22:84 3 
212 | 29:7 | 32:39 |22-62 22:84 1'5 
2:15 | 2762| 34:55 [2110 21-31 6:15 
2:15 | 2795| 3420 [21'395] 2°2: 21°6 5'25 
2:15 | 28:49 | 34:03 [2174 | 2:23 | 21°95 4:18 | 
27 2762| 33:72 [2131 | 2:9 | 21.52 4:18 | 
27 271:62| 33:12 |21°57 | 2:9 21°78 335 
1:37 | 2977| 3192 [23-34 | 1°4 23:57. | EN 
3:51 | 2722| 34:03 [20:83 | 3:6 | 21:03 42 
3:51 | 275 | 33:61 [21-10 | 3:6 | 21.31 3:36 
351 | 2771| 33:08 |21°41 | 3°6 21'62 2:42 | 
27 28-25| 32:81 12191 | 2:85 | 22:12 242 
32 2764| 3278 [2131 | 3:53 | 21:52 2:9 
4-19 -| 27 33°79 |20-63 | 4:31 | 20:83 3:37 
1'38 | 28:65 | 33-33 [22-27 | 1:42 | 22-49 42 
1:38 | 2888| 32:86 [22:53 | 1'42 | 22:75 3:36 | 
1:38 29:2 | 32:44 |22°86 | 142 | 22:08 2:42 
1:36 | 28:90 | 32:86 22-41 | 141 | 22:63 378 
1-36 | 29:25| 32:45 [22:70 | 141 | 22:92 2:9 
136 | 29-35 | 30:01 [23:04 | 1:41 | 23°27 1:89 
2:72 | 2812| 33:04 |21°77 | 2:83 | 2128 2:89 | 
272 | 2838| 32:55 |22'09 | 2:83 | 22-31 1:89 
2:72 | 2865| 32:12 22-40 | 2:83 | 22:62 0:97 
21 29 32:13 122°94 | 1:81 | 23:16 1'35 | 
2:25 | 2852| 32:97 12231 | 2:0 | 22-53 2:89 
2:25 | 2879| 32:49 [22:64 | 2:0 | 22:86 1:89 
2:34 | 2879| 32:26 [22:52 | 2:36 | 2274 1:53 
1:35 | 29:06| 32:61 [22:73 | 1:37 | 22-95 2:89 | 
2:68 | 28-41 | 32-54 12213 | 2:77 | 22-35 1'90 
1'36 | 2890| 32-86 1292-58 | 1:39 | 22-81 3:31 
1:86 | 2916| 32:37 122-89 | 1:89 | 29-11 2:40 | 
2244 | 28:46 | 32-925| 22-12 22'335 2:89 | 


AIIRSOAAAIRr 


HUHBBRHRBRDBHHHHAHHPBUODWWUOHNDDDDNIOH 
FREROODRRRPRIEHFCO 


KOSMROOSDDDDRHHREEEKDÄAGARAHDSONNNPH 


Ho 





Er 
9 
| 
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TABLE 17—(continued). 





°:1-106:: 1-26 


N — 


TEE 





23-54 | 2805 
23-54 | 2728 
21-95 | 30°35 
22:26 , 29:78 
22:63 | 29:08 
22-18 29:34 
99-44 | 2875 
24:27 | 26:69 
21:67 | 29-54 
21:96 | 28:99 
23-28 | 28-37 
22-80 | 28-12 
32-18 | 27:68 
31:47 | 29:23 
23:17 | 28-81 
23-56 | 2830 
23:78 | 27:64 
23-34 | 28:55 
23:64 | 2797 
23-96 
22:65 
23-00 
23-30 
23:90 
23-23 
23-57 
23-45 | 
23-67 
23:03 | 2775 
23:49 | 28-21 
23-80 | 27:61 


DRyEDDRID = 
Re) 
DOT -ÄIDnD 


AIAIIDOAAIAIO 


SodmomdQe 


[867 
[310 0) 














2'335 | 22:99| 27'89 
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TABLE 17—(continued). 





‚Quadruple effect. Evaporation to 1'0 W. 




















140 |649-7| 135 |647°61125 |644°6|1100|637 120°9 |0°732| 21°0 | 21'731 1:051| 0:735| 2115] 22-9 11:63 | 
134 |647'3|123 |644 |112 |640°5| 100 |637 12015] 1'66 |20°25| 21°91|1°17 |1'67 |20°35) 23:19] 07833 
130 |646°6| 115 1641°€|100 1637 50 | 6217119 2:20 119 21-2 11597) 2:92 1191 91] 3:06 
130 |646°6| 115 |641°6|100 |637 60 | 624-8] 1925] 2:20 | 19’44| 2164| 1597! 2:92 |19°6 

130 |646°6| 115 |641°61100 |637 70 | &27-8119°46| 2:20 | 1951| 2171| 1597| 2:92 |19°7 

135 |647°6| 125 |644°6115 |641°6| 501621°7|19°6 |1°47 |19°6 | 20:07|1°051| 1478| 197 
135 |647°6| 125 |644°61115 |641°6| 60 1624-8198 |1’47 |19°8 |21°27|1°051| 1478)19°9 
135 |647°61125 164461115 |641°6| 70|627°8[20 . |1'47 20 |21°47][1-051| 1478| 20°1 
126-5! 645°0| 108 |639:7| 89-5]633°8| 70627811902) 278 |19’2 |21°98[1-95 |2:79 |19-3 
124 |644 ‚103 |638 82 1631-2) 60 | 624-81 1845| 3:14 |18°63| 21°7712°19 |3 
121°5| 644°6| 98 |636°7| 74-5|629-5| 50 | 621:7|18-09| 3:50 |18°2 |21°7 [240 |3° 
115 |641°6, 100 |637 80 /631 50 | 6217] 19:07| 2206| 1915| 21°351 2°105| 2°2: 
115 |641°6| 100 1637 80 1631 70 | 627811942] 2206| 19-5 |21°7 [2105| 2 
105 |638°5| 100 |637 90 1,634 50 | 6217] 20°64| 0732| 2074| 2147] 1'051) 0735| 20:94 
105 |638°5| 100 |637 90 1634 60 | 6248| 20:8 |0:732] 20°8 | 21'531 1051| 0735| 21 
105 |638°5| 100 1637 90 1634 70 | 6278| 20°95| 0:732| 20°95| 21°68[ 1051| 0735| 2115| 2 
105 |638°5| 90 |634 80 1631 50 | 621-7] 19-67) 2206| 19°67| 218711051) 2:22 |19-77| 23:04|1-83 
105 |638°5| 90 |634 80 1631 60 | 6248| 1985| 2206| 1994| 22:14] 1051 


oo 





an e 





jet 
-] 
N 
[0 0] 
(0°) 
NS ÄFTIFRBIN IN 
oo 


DOoMRAADTODOMOnıE 
KFOOROHrROSD—BH 


2:22 |20°05 1:24 
105 |638°5| 90 1634 80 1631 70 | 6278| 20 2-206| 20:1 |22-3 [1'051| 2:22 |20-2 |23-47]1-629 
105 |638°5| 9516355] 85 1632 70 |627-8[20-48| 147 | 20:58] 22-051 1051| 1’47 |20°68| 22:15]0°943 
100 |637 95 |635°5| 85 632 50 | 6217| 20-65! 0:732| 20:73) 21°46]| 1:051| 0736| 20°85| 22:64] 2:133 


100 |637 95 16355, 90 1634 60 | 6248| 21°06| 0732| 21°06| 2179] 0525| 0736| 21°17| 22-431 1:83 
100 |637 95 1635-51 85 |632% | 70|627-8[ 2106| 0732| 21°03| 2176| 1:051| 0736| 21:13] 22-91] 0-94E 
100 1637 90 | 634 80 |631 50 |621:7]20-2 |1'47 | 20-30) 21:77] 1051| 1:47 |20-40| 22-9211°83 
100 |637 90 |634 80 1631 70 |627:8|20°55| 1:47 | 20-65! 22-12] 1051| 147 |20:75| 23:27] 0629 
100 637 95 |635°5| 80 1631 60 | 624-8] 20-68| 0732] 20°78| 2151| 1'597) 0-736| 20-88] 23-21] 124 
97:5 6363| 85 632 72-51629°5| 60 |624-8| 20:12] 183 | 2022| 22-05| 1'300) 184 |20-36| 23-461 0776 
95 |635°5| 85 1632 75 |630 50 | 621°7| 20°25| 1°47 | 20-35! 21-82] 1'051) 1'47 |20°45| 22-97] 158° 
95 ,635°5| 85 1632 75 |630 60 | 624-8] 20-48| 147 | 20-58! 2205| 1:051) 147 | 2068| 23:20] 0:49 
95 6355| 90 1634 85 1631 50 | 6217| 20-93| 0732| 20-93! 21'661 0:525) 0-735| 20:03) 22-29] 0:14 
95 |635°5) 801635°5| 65 |626°3] 50 |621-7|19-35| 2206| 1944| 2164| 1595| 2:22 |19-52| 23:33 0:94 









































Average |20°0 |1'326| 2007| 2174| 1'29 








THE WATER EVAPORATED IN 


EACH VESSEL. 








Tage 17—(continued),. 
DB: D;: SD). Dr: Ds: Dis 
1:1:087: rn 157: T- 258 ıl2 T- 16: 1 315 key) 
Evaporation to 0'25 W. 

DD, :do:d,:d, = Di: = 

1 0033 : T 0095 : 1:024 1.:21&008221:0162 2120317 
u, u|ıd|ıD|D2|ı 2 | %| DIs|5|d| D|s|,|%| d, D,; 
[:05 |0:738| 212 | 24-611 16°77| 0-89 | 16°85| 1774] 1°28| 0:89] 16°93| 19°1 | 2-22] 1-28] 0-89) 17:01 |21°4 
[17 |1:68 |20°45| 24-081 16°31| 1:76 |16°39| 18°15| 135] 1°77| 16°47| 19591 1:09] 1-35| 178] 16°15 | 20:37 
[:64 12:28 119°5 |27 48] 1477| 2:40 | 14°91| 1731| 1°79| 2:42] 1499| 19-2 [4°36| 1-84| 2:49) 15°53 | 2422 
[:62 |2:26 119-9 |26°27115°02] 2-40 | 1517| 17°57| 1°79| 2°42| 15:25) 19-46] 3-43] 1-82) 2°46| 15:69 | 23-40 
[:61 12:24 |19-9 |25°64115°28| 2-40 | 1543] 17:83] 1°79| 2°42| 15°65| 19-86] 2:57| 180] 2°44| 15:80 | 22-61 
1:08 |1:52 120-2 |26-82]15°50| 1:62 | 1557| 1719| 1°23| 1°63| 15:65) 18-51] 5:58] 1-26) 168] 16°10 | 24:62 
1:07 |1:52 |20:5 |26°50| 15:50] 1:62 | 15°57| 17:19] 1°23| 1:63| 15°65| 18°51|4°78| 1:26) 1:68] 16:10 | 23:82 
[:07 \1:50 |20:5 |25°91|15°77| 1:62 | 15°85| 17471 1°23| 1:63) 15°92| 18:78] 3°90| 1:25| 1:66] 1622 | 23:03 
1:96 |2:81 |19:5 25-491 1487| 2:95 | 15°01| 17'961 2:19) 2°98| 15°08| 20:25 1:72] 2:21| 3:01] 15:23 | 22:17 
2:21 |3°20 |18°98| 2574| 1444| 3:35 | 14°58| 1796] 2:37| 3:38] 1472| 20°47|1°88| 2:39] 3:41] 14°86 | 22:54 
2:24 |3:56 |18°55| 25°86| 13°95| 3:75 | 14:08! 17°83[ 2:66] 3:78] 1422] 20-661 2:10) 2:68) 3:81) 1436 | 22:95 
2313 12:26 |19°55| 2577115 2-40 | 15:02] 17:42] 2:35) 2:42) 15°17| 19-941 2-57) 2:38] 2:45) 15°35 | 22°75 
2:12 [2-25 |19:8 |24°79]15°4 | 2-40 | 15°49| 17°89| 2:35] 2°42| 15°64| 20°541 0:88) 2:37| 2:43] 15°82 | 21°50 
1:07 |0:746| 21°15| 25°45| 16°54| 0757| 16°62| 1737] 1'23| 0-76| 16°78| 18°77[|3°40| 125] 0771171 | 22-52 
1:065| 0:742| 21°3 | 2493] 16-52] 0757| 16-52] 1727| 1'23| 0-76| 16°68| 18-67] 2:60) 124] 0:76) 16°87 | 2147 
1:06 10:74 |21°36| 24-40] 17 0:757| 17 1775| 1°23| 0:76] 17:08) 19:07|1°76| 1:24| 0:76] 17:15 | 20:91 
E06 12:25 |20:07| 25-21] 15°41| 2-30 | 15°42| 1772] 1-20) 2-31| 17°50] 1901| 2°57| 1-21] 2-84] 15°76 | 21°85 
1:06 |2:24 |20-25| 24-791 1586| 2:30 | 15°94| 1824| 1-20) 2-31] 16:02] 1953| 173! 121] 2:33] 16°18 | 21°45 
1:06 |2:24 |20-40| 2433| 16°07| 2-30 | 16°15| 18-45] 1-20] 2-31| 1623| 19-741 0-88] 1°21| 2-33] 16-39 | 20-81 
1:06 11:48 |20-88| 24-38|16°46| 1:56 | 16°43| 17'991 1°17| 156| 16°51| 1924| 1°68] 1-18| 1:58! 16:77 | 2121 
1:07 [0749| 21-27| 25-21] 16°66| 0:78 | 16°66| 17441 1:17| 0-78] 16:74| 18-69] 3:00] 1:19] 0:79! 17:06 | 22:04 
0:532| 0:750 2147| 2458| 1704| 0:78 | 1704| 17:82] 0:60) 0:78) 17:12] 18-50] 2-60] 0-61] 0:79] 1736 | 21°36 
1:06 10-746 2134| 24081171 |0-78 |17°1 |17-88| 1:20) 0-78] 17-19! 19-17] 1-32] 1-21] 0-78] 17'26 | 20:57 
1:065|1°49 |20-70| 25:08| 16°25| 1-53 | 16-33] 17°86| 1°20| 1°54! 1641| 19-15| 2-57| 1-21] 1-56) 16°57 | 21°91 
1:06 11:48 |20-95| 24-11| 16-64 1:53 | 1660| 18-31| 120] 1:54 1668| 19-42|0-90| 1:21] 1-55, 16°84 | 2051 
1:610|0-742| 2108| 24:67| 1670| 0:75 | 1670| 17-45] 1-80] 0:75| 16:78| 19-33] 1-83| 1:81| 0:75| 16-94 | 21:33 
1:31 11:85 |20-52| 24-451 1591| 2-33 | 1599| 18-32] 1:38] 2-34| 16-07) 19°79| 1:08] 1:39! 2-36) 16-23 | 21:06 
1:068|1°49 |20-75| 24-881 16°29| 1:55 | 16:37| 1792] 117| 1-56] 16°45| 19-18] 2-14) 1:18] 1:58) 16-69 | 21°54 
1:06 |1'48 |20-88| 24-38] 16°54| 1-55 | 16°62] 1817| 1°17| 1'56| 16:70) 19-43] 1°30| 1:18] 1°57| 16:86 | 20-91 
0:535|0:749| 21-45| 24:87| 16:90| 0:75 |16°9 | 17:65] 0-60| 0:76| 16-98) 18-33| 3-00] 0-61! 0-76] 17:20 | 21:57 | 
1:61 2:24 20-71 25-50[15-71| 2:29 | 1578| 18-07| 174 2-30| 15°85| 19-89] 1-28] 1:75] 2:32) 16:00 | 2185 
1:303| 1:64 1606| 17:79] 1'46| 175 2-35 16°204| 21909 




































































S6 EVAPORATING AND CONDENSING APPARATUS. 


RESULTS oF TABLE 17. 





W = 100 litres of liquor are to be evaporated down 
to 0:1 W. l to 0:25 W. 


There must thus be evaporated from it 

































































90 litres of water. | 75 litres of water. 

In vessel - -[ «l ILL. EI, aa | T, Ik I. BE 

32 (Double efiect-|[ 15 15 | — | — [315 |a75 We 

= 2 © Triple „ -h80 30 30 — 125 25 25 — 

= g' | Quadruple „+1 22:5 |] 225 | 22:5 | 22:5 13875) aa 1e75 12 
According to Table 17 each vessel actually evolves 

} Total - - | 43:33 | 4167 | — — [3438/4015 | — _ 

3 3 [hus i intheratiof 4 « 241271 — == 1 : 1167) — = 
3 9 X Through Beute 

Ar | alone - 49.331442 | — | — |sassjs6a2 | — | — 

« (Thusinthe ratio L. 3031: 040) I — 1: 7046| — — 

Total - - 27-33 29-72 32.925) — 22-12 2447 |2789.| — 

we [mus intheratiol 1 : 1'088:1'2048| — 1 1'106: 126 | — 
ES Through heating 

Ho alone - -| 27-33] 27:59 |3090 | — | 22:12] 2233525335 — 

\Thusintheratiof 1 : 1'006:1:1306| — ii: PIE 

23-14 25°17,| 15°94|1779 |19°34 | 











Total - 1220 
Thus in the ratio 1 
- Through heating 
alone = -[ 20  |20:07 |21'86 4 23:42 | 15°94 | 16:06 1794 |194 
Thusintheratiol 1 : 1'00383:1°093:1174 1 : TI 008: Ha 


21 
1:087°:1157.: 1288) 172 23073 1.215: 1% 





Quadruple 
effect. 


In the mean the total evolution of steam is in the 


Double effect - D,.D, = 1:10 
= 0'4658 : 0:5442. 
Triple effect R D,:D,: D,=1:1-097:1288 


— 0'3003 : 0:3294 : 03703. 
Quadruple effect - D,:D,:D,:D,=1:1'123:1'187:1'316 
= 0'2161 : 02427 : 0:2535 : 0'2844. 


In the mean the evaporative capacity (without self-evaporation) is in the 
Double effect - D,.:%W=1:1708, 
Triple effect - D,:dy: (d, + o,) =1: 10075: 1'138, 
Quadrupleeffectt Di:dy:(d, + 0,):(d, + 0, + A,) = 1.:1°0055: 1'109: 1.236. 


T————— 





THE WATER EVAPORATED IN EACH VESSEL. 87 


Table 17 has been calculated in the manner indicated in this 
example (p. 80). It is now possible to make a satisfactory inspection 
of the evaporative action of double, triple and quadruple effect evapo- 
rators, and to see without trouble how much water each vessel really 
vaporises, how much heating steam is used by each vessel, and in par- 
ticular how much heating steam must be supplied to the first element,in 
order to bring 100 litres of liquor from the initial to any desired con- 
centration. Itis assumed that the liquid enters at the temperature £,,.. 

If an average be taken of the figures in Table 17 for the whole 
quantity of water, D, evaporated in each vessel, and the quantity of 
steam, d, evolved by heating in each vessel (these averages are given at 
the bottom ofthe table), an extraordinary regularity in the evaporative 
capacity is seen, the extreme cases hardly varying by 5 per cent. from 
the average. The figures (also given in the Table) for the mean ratios 
of the total quantities, D, evaporated in the separate vessels, to 
the portions, d, evaporated by heating alone in the same vessels also 
vary very little from one another in the extreme cases, so that these 
figures may well be taken as a basis for the general case in practice. 

These proportions of the amounts of steam in each vessel, d,, d,, 
d,, d,, willform the basis for the estimation of the necessary heating 
surfaces of the evaporator, to be given later. 

Five important conclusions may be drawn from Table 17 to 
assist in the division of the heating surfaces in the most efficient 
manner :— 


1. The smallest amount of heating steam required to produce @ 
certain amount of evaporation is used im all multiple evaporators, 
when the fall in temperature is the same in each vessel. 

2. However the fall in temperature in the separate wessels be 
arranged, the weight of heating steam to be supplied to the first vessel 
always varies within very narrow limits. Thus the manner ın which 
the available fall in temperature is distributed amongst the separate 
vessels has no great influence on the economy of steam. No considerable 
saving in steam cam be obtained by any definite division of this fall in 
temperature. 

3. The quantity of water to be evaporated in the first vessel is, om 
an average, of the total evaporation of the multiple evaporator :— 


1 


In the double efject 5-147 


- 0'466 D, = (W - U)0'466. 
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In the triple efiect - 3.395 = 0'300 D, = (W - U)0:300. 
In the quadruple effect a -0216 D,=-(W - DOMUE. 
The extreme cases are :— | 
For the double effect - D,=(W - U)0'434 to 0:484. 
For the triple effect - D, = (W - U)0:2777 to 0'3152. 


For the quadruple effet - D, = (W - U)0:1926 to 02335. 


4. The evaporation effected by heating is m all cases the least ın 
the first vessel, but the increase in the following vessels is not very 
great—at most 4 per cent. In the mean it may be assumed that this 
evaporation in the separate vessels is in the | | 


Double effect. Triple effect. Quadruple effect. 
I, N I... Aa 
Di id, din: .d, 2 dh Ge 
as 1:1:045 L 21:01, 1402 ]: x 1.005: 1012.92 


5. The total quantity evaporated in the last vessel is >— 


In the double effect - - 0534 
In the triple efject - - 0:3703 
In the quadruple effect - - 0:284 


of the total evaporation of the apparatus (W — U). 


B. The Percentage of Solids in the Liquid in Each Vessel 
of the Multiple Evaporator. 


In the preceding section of the chapter it has been found that, 
in performing a certain amount of evaporation, each separate vessel 
must evaporate its proper fraction, almost independently of the fall 
in temperature. In the next place, it is desirable to find the evapora- 
tive efficiency of each vessel and the percentage of solid matter in 
each, for liquors varying in strength both before and after evaporation ; 
the results can only be approximate— never quite exact. The total 
evaporative capacity and the concentration in percentages are given in 
Table 18, which thus contains an answer to the questions :— 
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If a liquor of known strength (4-17 per cent.) is to be concentrated 
to another known strength (40-70 per cent.), how much water must 
with this intent be evaporated in each vessel and what is the concen- 
tration of the liquor in each vessel ? 

The following example illustrates the method of calculation of 
Table 18 :— 


Example.—100 kilos. of a liquor, containing 10 per cent. of solid matter, are 
to be evaporated to a strength of 50 per cent. in a triple effect evaporator. How 
much water is evaporated in each vessel and what is the concentration in each 
vessel ? 

In order to evaporate 100 kilos. of liquor from 10 per cent. to 50 per cent. 
‚strength, 100 — (10 + 10) = 80 kilos. of water must be evaporated. 

Of this, according to Table 17, 


Vessel I. evaporates 80 x 0:3003 = 24:02 kilos. 


EI, x 24:02 x 1'097 = 2635 „, 
Ei s 24:02 x 1'233 = 29,62 „, 
79:99 „, 





Thus the first vessel contains 


IG Kilos, of solids ın 100, — 24-08 = 75:98 Kilos, of soluon, 


10 x 100 


2.e., in the solution there is 7598 


= 1316 per cent. of solids. 


"The second vessel contains 


10 kilos. of solids in 75'98 — 26'35 = 4963 kilos. of solution, 


10 x 100 


t.e., in the solution there is 19-63 


= 20:15 per cent. of solids. 


"The third vessel contains 


10 kilos. of solids in 49:63 — 29:62 = 20'01 kilos. of solution, 


10 x 100 


2.e., in the solution there is 20 


= 50 per cent. of solids. 
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Tage 18. 


‘The amount of evaporation, and the percentage of solids in the liquor, 
in each vessel of the double, triple and quadruple effect apparatus 
with regular evaporation (t.e., no extra steam is withdrawn) for 
the concentration of 100 kilos. of liquor to 0:08 — 0'34 of its weight. 


The wpper lines of each pair in ordinary type, give the weights 
of water to be evaporated in each vessel. 

The lower figures, in heavy type, give the corresponding per- 
centages of dry material in the liquor in each vessel. 

















5, Double effect. Triple effect. Quadruple efiect. 
SB . 
a E D, | D; D, Ds D; D, D; D; D, 
alt IL. TR. | Gr er ee 
an & 
42-2 | 47:8 | 27:34 | 2974 | 82-92 | 20 917 | 28 1068 
! 692 40 55 932 40 5 686 114 0 
40:95 | 46:55 | 26:69 | 29-11 | 32-25 | 19-4 | 21:07 | 22:5 | 24-63 
5 846 40 682 | 11:35 | 40 62 84 | 135 | 40 
39-6 | 454 | 25-63 | 28-04 | 31-33 | 18-78 | 20-35 | 21:85 | 24-05 
6 93,40 807 1303 | 40 1738| 986 | 153 | 40 
38-35 | 44:15 | 24-83 | 27-25 |,30:52 | 18-24 | 19-71 | 21-11 | 28:44 
7 1135 | 40 9:31 | 1431| 40 856 | 1128 | 1612 | 40 
7 | 4 23-90 | 26-38 | 29-72 | 17:55 | 19 20.5 | 23 
8 127 | 40 1051 | 16°09 | 40 97 126 | 186_| 40 
35-87 | 41°88 | 23-15 | 25:60 | 29 17 18-43 | 19-92 | 29-41 
9 143 | 40 1171 | 17:55 | 40 10:84 | 1394 | 20:15 | 40 





34-38 | 38:62 | 22:15 | 247 | 28:15 | 16:33 | 17:65 | 19-22 | 21:8 
10 154 | 40 12:84 | 1876 | 40 11% | 151 | 214 | 

32-82 | 39-43 | 2123 | 23-77 | 2725 | 15:67 | 16-86 | 18:56 | 2116 
1 162 | 40 13:96 | 20 40 13:04 | 163 | 2249 | 40 























42:86 | 48:26 | 27:72 | 30:10 | 33-3 | 20:28 | 22 23-38 | 25°45 
4 70 45 508 | 948 | 45 502 | 69 | 11'68 | 45 
4164 | 47:25 | 26°96 | 29-37 | 32:57 | 19:72 | 21:42 | 22:84 | 24:91 
) 888 45 685 | 1145 | 45 623 | 845 | 139_| 45 
40:52 | 4614 | 2621 | 28-61 | 31°85 | 19-17 | 20:84 | 22:27 | 24-42 
6 10:09 | 45 813 | 13:28 | 45 742 | 10 1585 | 45 
39-32 | 45:18 | 25°45 | 27:87 | 81:18 | 1861 | 20-21 | 2171 | 23:89 
1 115 | 45 935 | 150 | 45 86 | 1128 177 | 4 
38:21 | 44:02 | 2502 | 2746 | 30:75 | 18:15 | 19:66 | 21:06 | 23:38 
8 12:94 | 45 10:67 | 1690 | 45 9:77 | 12:85 | 1945 | 45 
37 43 23-90 | 26:38 | 2972 | 17:5 | 191 | 20:50 | 22-9 
9 1429 | 45 118 | 181 | 45 10:91 | 14:14 | 209 | 45 
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TABLE 18 —(continued). 











Initial strength 
of the liquor. 
Per cent. 


Double effect. Triple effect. Quadruple effect. 
D, 1) >; DD; D, Dr D 0) 








36 03-2 | 2569| 08 ırı | 187 | 08 | 207 
1562 | 45 1302 1958 | 45 12:06 5 7a E22 BE 
35 29-41 | 24-86 | 2867 Lı65 | 178 | 194 | 218 
1685 | 45 143 20:86 | 45 1377 | 1674 | 2376 | 45 


| 





493 | 487. | 28:04 | 30:76 | 83:62) 20:5 | 22:2 | 23:6. | 257 
7:06 | 50 55 97 503 | 69  11'85 50 
42:2 | 47:8 | 27:34 | 29:74 | 32:92 | 20 ae DB or 
865 50 683 1166 50 625 | 857 | 142 | 50 
41:2 | 46:8 |: 26:64 | 29-04 | 32-23 | 19:51 | 212 | 226 | 24-8 

1020 | 50 817 135 | 50 745 | 101 | 163 | 50 
402 | 45:8 | 26 28-44 | 31:66 | 19:01 | 20:6 | 22-1 | 24-3 
417 180 9:46 | 1537 50 864 | 11:58 | 18°3 | 50 
391 | 449 | 25:28 | 2774 | 31 18:54 | 20 21-5 | 28-9 
1313 | 50 1070 | 17:00 |, 50 981 | 1301 | 20 50 
38:1 | 439 | 2456 | 27 30:32 | 18:04 | 19:5 | 21 23-4 
14:54 | 50 11:93 | 1858 | 50 109 | 144 | 217 | 50 
37 43 24 26:35 | 29-63 | 17:55 | 19 20-5 | 23 
1587 50 1316 2015 50 1213 | 1576 2335 | 50 
6 42 23:22 | 257 | 29:08 | 17:06 | 18:5 .| 20 22:5 
17:19 | 50 14:32 | 21:53 | 50 13:26 | 1707 | 247 | 50 
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TABLE 18—(continued). 








S | Double effect. Triple effect. Quadruple effect. 
55 h 

=) 

ee 

45 3 m; 13) Dr 198 108 ID, D, 

ze U, I Et ner II 

Horn 














30:85 
715 | 60 559 | 985 | 60 
44:13 | 48:54 | 27:93 | 30:30 | 33:38 
879 | 60 693 | 1199 | 60 
42:2 | 48:59 | 2734 | 29-74 | 32-92 
10:39 | 60 826 1368 60 
4141 | 47:02 | 26:8 | 29-22 | 32-42 
158 | 60 
40:53 | 46:14 | 2621 | 28:61 | 31°85 
1345 60 10:84 | 177 | 60 
396 | 45.4 | 25°6 | 28:04 | 312 
149 | 60 121 | 1941 | 60 
38:77 | 44:57 | 2505 | 27:50 | 30:79 
10 1633 | 60 13:34 | 21:08 | 60 
3794 | 43:74 | 2448 | 26:94 | 30:26 
11 1772 | 60 14:56 | 22:64 | 60 
37° |43 23:94 | 264 | 29-75 
12 191 | 60 1578 | 24:15 | 60 
86-17 | 42:17 | 23-85 | 25-82 | 29-17 
13 20:37 | 60 1696 | 2556 | 60 
35-33 | 41'34 | 22:79 | 25:26 | 28-62 
26:89 
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Initial strength 
of the liquor. 
Per cent. 
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TABLE 18—(continued). 











Double effect. Triple effect. Quadruple effect. 
198 D, D, D, 2) IDh ID): 1 
T, M. Il; II. inan L, II, IT. 





Ro 
oa 


- 








44-35 | 49-52 | 28:66 | 31:03 | 34:17 | 20:96 | 22:72 | 24-06 
718 | 65 56 992 6 506 | 71 | 12:4 
43-55 | 48:76 | 28:15 | 30:52 | 33:66 | 20:58 | 22:32 | 23:68 

885 | 65 691 | 121 | 65 628 | 875 15 
42-58 | 48:19 | 27:61 | 30 33L7. | 20:19 | 21.91 23:29 
1040 | 65 829 1416 65 751 | 1036 | 17°3 
41:8 | 4743 | 271 | 29:5 | 32:70 | 19-81 | 21-51 | 22:91 
12:08 | 65 96 | 1612 | 65 873 | 1198 | 196 
41 46:1 | 26:54 | 28:97 | 32:2 | 19-42 | 21:09 | 22-52 
1357 | 65 10:89 | 17:99 | 65 993 | 1345 | 216 
40:28 | 45:88 | 26:03 | 28-45 | 31:68 | 19-05 | 20:72 | 22-15 
15:07 | 65 12:16 | 1979 | 65 1112 | 1493 | 23°6 
594 | 452 | 255 -| 279 | 8312 | 187 | 20:25 | 2165 
165 | 65 13:43 | 2146 | 65 124 1638 254 








A —————————————————————————————| u 
ei Tr 5 ( £ N ex Sr 
= > v [8 us) X S nie 





44-54 | 49:75 | 28:83 | 31:14 | 34:35 | 21:07 | 22:83 | 2417 
721 | 70 5:62 | 10 70 57 | 713) 125 
43-83 | 49:03 | 28:33 | 30-70 | 33:84 | 20:71 | 2245 | 23:81 
8:89 | 70 70 | 1220 | 70 631 | 879 | 15:15 | 
43:01 | 48:43 | 27:83 | 30:20 | 33:4 | 20:36 | 221 | 23:46 | 
1053 | 70 831 | 143 | 70 753 | 1043 | 175 
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Initial strength 
of the liquor. 


Per cent. 





EVAPORATING 


Double eflect. 


AND CONDENSING 


TABLE 18—(continued). 


Triple efiect. 


Quadruple effect. 


APPARATUS. 








D, | Di 
BL 
42:2 | 47-8 
12311 | 
41-48 | 47:09 
13:67 | 70 
40-77 | 46-37 
152 0 
40:05 | 4566 
1652 | 70 
39-24 | 45-05 
1871..| 70 
38-52 | 44-31 
19'5 70 
37-81 | 43-62 
20:9 70 
37 43 
22 | 70 
36-28 | 49-97 
2354 | 70 
35-57 | 4157 
2483 70 
34:85 | 4085 
2609 | 70 


BR) 
968 
26°85 
1094 
26:39 
1222 | 
25°86 | 
13:49 | 
a, 
1474 | 
24-88 
1598 | 
244 
17:19 
23.9 
18:39 
23.42 | 
19:59 | 
22:95 
2076 | 
22-44 | 
2192 | 


El: 


29:75 | 
1631 | 
29-36 | 
1823| 
28°85 | 
38:3 

2181| 
97:82 | 
23°5 

27:33 | 
25:07 | 
26:86 | 
266 | 
26-38 

282 

259 

296 | 
2543| 
30:98 
24:94 | 
2 


32:96 
70 
3247 
70 
Son 
70 


3156 


70 
31:09 
70 
30:62 
70 
30:18 
70 


29:72 





1921 
1660 
20.38 














CHAPTER XI. 


MULTIPLE EFFECT EVAPORATORS, IN WHICH STEAM (“EXTRA 
STEAM”) IS TAKEN FROM THE FIRST AND FOLLOWING 
VESSELS FOR OTHER PURPOSES THAN TO HEAT THE NEXT 
VESSEL. 


In the foregoing, those multiple evaporators have been considered, 
in which the steam produced in the first vessel is only used to heat the 
next vessel, 2.e., in which the operation of repeatedly using the steam 
is carried out without interference. It is, however, often the case that 
from the first, and frequently from later vessels, considerable quantities 
ofsteam are taken to be used for other manufacturing purposes. This 
method has the advantage of economising steam, for when steam is 
taken direct from the boiler for other purposes than for the evaporator, 
a certain consumption of fuel is necessitated. Naturally when this 
specially required steam is drawn from the first vessel of the 
evaporator, additional high pressure steam has to be supplied, since 
as much more heating steam must be supplied to the first vessel as is 
necessary to produce the steam taken from it. But then this extra 
steam is produced from the liquor, which is thus freed from the weight 
of water turned into steam, which weight of water has not now to be 
removed by a separate consumption of high pressure steam. 

It is noteworthy that, when this extra steam is taken from the 
second or one of the following vessels, the economy in high pressure 
steam.is still greater, for steam is now used for manufacturing purposes, 
which has already removed several times its own weight of water 
in the evaporator. It would naturally be most advantageous to take 
the steam required for other purposes from the last vessel of the 
evaporator, which is indeed done, when practicable, but it must be 
remembered that the temperature of the steam falls considerably 
from the first to the last vessel, and the extra steam must thus 
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be drawn from that particular earlier vessel which affords a sufficiently 
high temperature. 

The saving for every 100 kilos. of extra steam, taken from the vessels 
indicated, is as follows :— 


Double Triple Quadruple 


effect. effect. effect. 
From vessel I. 47°5 3l 22:5 kilos. of heating steam. 
a „lt. — 62 45.0 ee ee n 
7 ILL — 67'5 » ne > 


Just as in the preceding section there are here two questions 
to answer :— 

A. How much water must be evaporated in each vessel of & 
multiple evaporator, when extra steam is taken from the separate 
vessels ? 

B. What is then the strength of the solution in each vessel ? 


A. How much Water must be Evaporated in Each Vessel of a 
‚Multiple Effect Evaporator when Extra Steam is taken 
from the Separate Vessels ? 


The diagrammatic representation of the evolution of steam in the 
separate vessels given in Fig. 11 provides a clear idea of the process. 
We may suppose the production of extra steam in all the vessels 
completely separated from the regular evaporation of the liquor, for 
it may be assumed that there are separately introduced into the first 
vessel :— 

1. The water, which is to be converted into steam in the various 
vessels by the extra evaporation, then to emerge partly as steam, 
partly as condensed water. 

2. The liquor, which was originally mixed with this water but is 
now separate from it, and which now contains the same quantity of 
solid matter as originally, but less water by the amount which is to 
be used in the formation of extra steam. The liquor is thus to be 
supposed more concentrated from the beginning. We can find the 
quantity of water to be evaporated in each vessel and in all together 
for the purpose of produeing extra steam. By subtracting this weight 
of water from the total weight of liquor, we obtain the weight of 
liquor to be evaporated, on our supposition, in the ordinary manner. 
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Let W = the original weight of liquid, 
r, = its percentage strength in solid matter, | 
r, = its percentage strength after the supposititious removal of 
the extra steam, 
e, = the weight of the extra steam to be taken from vessel I., 
= 5 = ze m H.; 
— re > # r sr 2 18 


If from the second vessel e, kilos. of extra steam are to be with- 
drawn, then for this purpose n, kilos. of steam must be produced in 
the first vessel. And, if e, kilos. of extra steam are to be removed 
from the third vessel, for that purpose e, kilos. must be produced in 
the second and e, kilos. in the first. 

Thus, in order to draw off the weights of extra steam, e,, e, and e,, 
it is necessary to develop 


‚Ss 
I 


In vessel I. e, +, + «, Kilos. of steam. 
” Ir 7 2) % 
ee. 00; 


Thus the development of extra steam withdraws from the liquor, 
W, the weight of water or steam, D,. 


„ 


D,=4 +6, +65 ta +9g9+m: : - » . +98) 


Thus there remains to be evaporated in the ordinary manner the 
weight of liquor, 


W-D=W- (+, +&% +9, +t949) - 0b) 


The percentage of solids in the liquor rises thereby from r, to r,, 
and 


100 r, 100 r, 97) 


= WM_-(.+,+&, tats +9), 10-2, 





The weights of extra steam, e, + €, + @,, are given; the weights, 
€), &y 9, are now to be determined. 

In order to obtain usable results we shall here, as in the pre- 
ceding chapter, neglect those differences in evaporative capacity pro- 
duced by differences in the fall of temperature from one vessel to 
another. We shall also adopt the average values previously obtained 
for the self-evaporation and the increased evaporation due to the 
diminution of the total heat of the steam in the later vessels. The 
errors so produced are small and negligible in practice. 


& B 
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The conclusions of the preceding chapter lead to the following 
‚expressions :— 


Double effect. Triple effect. Quadruple effect. 


AR: KR Be 
A705 71052 ı77005% 
1 1 
17170052 A@ÄQT005 °% 
1 
2 = 1.708 % 


or 

== ec = 0'957 e, m = 0'992 e, m = 0'995 e, 
a > 0'992 €, = 0995 € 

& = 0°9067 e, 

m = 0'9022 e, 


Thus, as a result of the removal of the extra steam, e,, €, and e,, 
from the quadruple effect, the total quantity of water withdrawn from 
the liquor is ‚ 


D,=e, + & + e, + 0'995 e, + 09067 e, + 0'9022 e, 


= 2, + 1'995 e, + 28089 e,. 

D, gives the quantity of water (or total weight of steam) removed 
from the liquor, whenin the first vessel e,, inthe second e, and in the 
third e, kilos. of extra steam are drawn off. 

In Table 19 are given for many cases the weights of water which 
must be evaporated in the separate vessels of a multiple evaporator 
in addition to the ordinary evaporation of the liquor, if the weights of 
extra steam, e,, &,, e,, are withdrawn. 

If this water, evaporated for the production of extra steam, be 
subtracted from the weight of the liquor, and the remaining water 
still t0 be evaporated divided among the single vessels as shown 
in Chapter X., and finally the weight of extra steam taken from each 
vessel be added, the total evaporation in each vessel is obtained. 


Example.—W = 100 kilos. of liquor are evaporated in a quadruple efiect 
evaporator from the concentration r= 10 per cent. to ru = 65 per cent. From 
the first vessel e, = 12, from the second e, = 6 and from the third e, = 4 kilos. of 
extra steam are to be withdrawn per 100 kilos. of liquor. 

100 kilos. of liquor of 10 per cent. strength will give 


10 x 100 


65 — 15'38 kilos. of 65 per cent. strength. 
JE 





100 


TABLE 19. 
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The weights of steam which must be evolved in each vessel of a 
multiple evaporator, and the total quantity of water lost in con- 
sequence by the liquor, if e,, e, and e, kilos. of extra steam are 
taken from the vessels. 
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Eu 
= | a’ 
Se: 
El ie 
ae 
all ae 
28 Ser: 
| 
8 - - 
le 
= ER 
m el! 
1'986 | 3'986 
32972127 902 
5:958 11-958 
7944 | 15944 
9:93. 119°930 


11-916 23-916 
13-903 | 27'903 
15-888 31-888 
17-874 | 35-874 
19:86 | 39-860 
21-846 | 43-846 
23-832 | 47-832 
51-818 
55-804 
59-790 
63:773 


27'804 
29.790 
31'773 


withdrawn from vessel III. 


per 100 kilos. of liquor, 


„D 














8 E 
= F 
ee 
o29£ >) 
as, | ad 
Po & 2 8 fire) 

{eb} > © 
Da: 
Sı 

€) €] 
1813 | 1-804 
3.626 , 3:608 
5439| 5-412 
7252| 7216 
9:067 | 9:022 
10'880 | 10-826 
12-693 | 19-630 


14'504 | 14431 
16:321 | 16°240 
18:130 | 18040 
19'960 | 19-861 


Thus there must be evaporated 100 — 15'38 = 8462 kilos. of water, 
Next, to determine the weight of steam which must be evolved in each 


vessel in order to produce the extra steam. 


From Table 19 we find :— 


In vessel 
For e, = 12 
For ,=6 
Por, =4 


4 = 12 

7ı = 9:980 

e, = 3'608 
21566 


II II 
6 ni 
„=366 ,=4 

9:626 4 


Thus the liquor loses in all 
ı Kilos 


Io) 
>} 
52 
m 
10 
+ 
In 
mi 





56:170 
61'824 





Total, 


35'192 kilos. 
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Thus in the first vessel 21'566, in the second 9'626, in the third 4°0 kilos. of 
steam, in all 35'192 kilos., are withdrawn from the liquor for the formation of 
extra steam. For eyaporation in the regular manner there remain 


84:62 — 35'192 = 49-428 kilos. 
The quadruple effect evaporates this weight (Chapter X., p. 86) :— 


In vessel - - T, Il. mul ID 
In the ratio Zz021T6T AD =02535 : 0.2844 Total, 
D; =10:685 D,=12:000 D,= 12682 D,=14:061 49-428 kilos. 
Add for extra 
steam - - 21'566 9.626 4:0 0:0 


Thus the total 
evaporation of Total, 
each vessel is 35'251 21°626 16:682 14'061 84'620 kilos. 








The evaporation effected by the transference of heat, i.e., without self- 
evaporation, in each vessel, is, on the average, according to Chapter X. 
(pp- 84, 85), 

0'931 x 49'428 = 46017 kilos., 
of which are evaporated 


In vessel - - I. 11. ID, DW 
In the ratio - = 1l S IK 3 AR) : 1'196 Total, 
ö d= 10685 d=10725 d=11837 d=12'1770 46'017 kilos. 
Add for extra steam 21'566 9:626 4:0 0:0 
BER ERBEN Br Ne ee Total, 
32951 20:351 15'837 12-770 81'209 kilos. 











B. What is now the Concentration of the Liquor in 
Each Vessel ? 


After finding how much water the liquor loses in each vessel, its 
strength or the percentage of solid matter is readily ascertained. 

If the original liquor contained r, per cent. of solids (in the last 
example, 10 per cent.), and from 100 kilos. there were evaporated in 
the first vessel Dh, +e, + m + «, (here 32'251 kilos.), then the per- 
centage of dry material in the first vessel would be 


& 100 r, 10x10 
17 700-(D, +& +«+m) 100 - 32251 


in the second 





r = 14°5 per cent., 





100 x 10 
N, 


>= er de rs: x ö. 
2 1002 (32-251 AR 21'626) T per cen 
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in the third 

es 100 x 10 5 

ge (32251 + 21626 + 16682) 
and in the fourth 





= 34'2 per cent, 


ee: 100 x 10 Re: ’ 
* ” 100 - (32-251 + 21-626 + 16°682, + 14-06) . per cent. 


Since the cases which occur in practice are so extraordinarily 
different, that they cannot be brought within the limits of a table, 
the attempt must be abandoned ; when necessary the calculation 
must be performed. 

The commonest case in practice is that in which extra steam is 
taken only from the first vessel; the variations are not then so 
numerous that they cannot be tabulated. Accordingly Table 20 has 
been calculated for this case ; the percentage strength is given of the 
liquid in the different vessels of the double, triple and quadruple effect 
ev or for liquids which are thickened from r, = 6-13 per cent. to 
r, = 50-70 per cent., when extra steam to the extent of 5, 10, 15, 20 or 
25 per cent. is taken from the first vessel. 

Finally, in order to facilitate numerous calculations, Table 21 is 
added. It gives the percentage strengths of solutions, which origin- 
ally contained 1-30 per cent. of solids, after 1-35 per cent. of water 
has been withdrawn. 
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TABLE 20. 


Percentage of solids in the contents of the separate vessels of the double, 
triple and quadruple effect evaporators, for liquids of originally 
r, = 6-13 per cent. strength, when in the first vessel 5, 10, 15, 
20 or 25 per cent. of extra steam is drawn off, and in the last 
vessel a liquor of 50, 60 or 70 per cent. strength is to be produced. 









































= ie az: a Triple effect. Quadruple effect 
= © 7 °5 5 ; un 
5 Sul =. 
. Son - 
a8 58? Fe ie Zr; ir 5 u 
So Di 2 ® om 
BO |238 2583 E 
888: äo& I 1 T u mn II IIT. IN 
nr a ” ii Zen © EN = 6 Le 
6 5 6315:.110:7° | 50:1: 8:6. | 14-1 [501 7:75 10:6 17 50 
10 6:66 1 122° | 501 89 1147 |501 825 11T 1772421750 
15 705 1117 |501 9-46| 1537| 50 | 8:64| 11°58| 18:3 | 50 
20 75 124 |501 10:1 | 162 | 501 9-24| 12-33] 19-15 | 50 
25 8 1313| 50 | 10:7 | 17:03| 50 I 9-81| 13:01| 20 50 
6 5 6315 | 11:1 | 60 | 8:66| 140 | 60 | 79 | 1079| 1775| 60 
‚10 6:66 I 114 |601| 9:06| 143 |60 | 8-3 -| 113 | 18-5: | 60 
15 7:05 | 1194| 60 | 9:54| 158 | 60 I 87 | 1185| 19-2 | 60 
20 75 12:69| 60 I 10:16 | 1675| 60 I 93 -| 12:6 | 20:2 | 60 
25 8 13°45| 60 | 1084| 17:7 | 60.1 9-88| 13:33| 212. | 60 
6 5 6815 | 11:04 70 | 871| 149 | 701: 7:93|.10:935 71887 170 
10 6:66 I 1153| 70 | 915| 154 | T0O| 833| 115 |1971'|70 
15 705 | 1211| 701 9-63| 16°31| 70 | 875| 12-01| 20 70 
20 75 12-86| 70 I 1028| 1725| 701 93 | 1276| 21 70 
| 25 8 13:67 |:70 | 10-94 | 18-23| 701 995| 13-5 | 22-04 | 70 
| 5 136 I 1%-12| 50 | 9°9 | 15°97|:50 | . 9:05| 12:08] 18:97 50 
10 77 1127 | 501 1085| 168 | 50] 954| 127 19:62) 50 
15 8-235 | 1348| 50 I 113 | 174 | 50 I 10-1 | 1336| 20-45 | 50 
20 870 | IEL \501 116 | 185 |501 107. 14 21:32 | 50 
25 9:33 115 590.1 12-8: | 19:1 | 50 I 11°2| 14:8] 2987 50 
N 5 7:36 | 1244| 60 | 10 165 | 601 91 | 12:85| 19:9: | 60 
10 Dt 18-00: 60 1.10°5 | 17-1 | 601 96 12751 2074 760 
15 8-235 | 1385| 60 1 1115| 18 | 60 1 1018| 13-9 | 217 | 60 
20 875 1 1455| 60 117 | 18:6 | 60 | 10°78| 14-2 | 22-67 | 60 
25 9:33 1 15.4 | 60 | 12-5 | 19:95 | 60 | 11°48| 152 | 2366| 60 
7 5 7:36 | 12:61! 70 1 10:03| 16°95| 70 | 9-15) 12-51) 207. | 70 
10 777 1s18°1 | 70,1 10:5 | 1775| 701 9:65) 1820| 21-5 770 
15 8:235 | 14 70 | 1124| 187 | 701 1025| 13-9 | 22-6: | 70 
20 8:75 | 1487| 70 | 1185| 19-18| 70 | 1085| 1465| 23-55 | 70 
25 9-33 1 15:6 |: 70 | 12-62| 2071| 70 | 1155| 15°56| 248: | 70 
8 5 842 1188 | 5 | 177 || 50.1 108 | 18°6 1208? | 50 
10 8.88 | 144 | 50 | 114 | 18-3 | 50 | 10:7. | 1415| 213. | 50 
15 9-4 15-2 | 501 12-5 | 19-8 | 501 115 | 151 | 22-6 | 50 
20 10 1587 | 50 | 13:16) 20-15| 50 | 12-13) 1576| 235 | 50 
25 10:66 | 1642| 50 | 1375| 20-83| 50 | 12:62| 1675| 24-0: | 50 
| 
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TABLE 20—(continued). 









































N &0 } 
Sg E = = > F Po Triple effect. Quadruple effect. 
- o Se RS) 
#7 DS 2 | 27 5 
Eger I a 
3 es ol ers ae 
g8|lds7| Se» | | 
ws 885 2882| ı, u | 2 ı un mlı lm mio 
SEE | 
r7 e ) r Yo r N, ) iR Er 
8 5 8.42 14 6021 11:53 1823176021032 25:97 al 
10 3:88 1428176071129 2 92971600 14:6 | 22:8 | 60 
15 94 19:02 7608 21957 E20 45:6 | 23971760 
20 10 1163311607] 18:32) 21%:0876021 412257216: > PIE PAE3 E60 
25 10:66 17:03. [60 | 13:79) 21:87 6071 12:97 716:92125:621260 
8 5 8-42 14:3 7702 252 878) 708 02er 
10 8:88 15 Or AD 19-9 7 el 14971 93:81 170 
5) 9-4 a | ro) | 70) | ltashsy las | 25) 70 
| 20 10 16:92 7021013549) POS 7022 BSH: 2 70 
25 10:66 17.12) 70-1] 14T | 2236. | 79 1. 12:98) 1728 26971 70 
9 5 9-48 15,2 | 805 125 | 193.150 Do 7 10T Te 
10 10 15°87 | 50 | 1315| 20°13| 50 | 1213| 1576| 23-5 | 50 
15 10:56 16:48: | 507 17313327911720:8311 5081712562) RI6-76 2A 
20 14295 17251502 1711426721693) 25021 18:50 el 28.1-1 30 
25 12 18:9 | 507) 15491 22:85] 5021 1437 71823107726297550 
9 d 9:48 15:6. | 6071 12:73 20:27 5602 7417255557 2239 250 
N 0) ıoail 16-33 | 60 | 13°3£| 21:08) 6071 12-25] 16:22] 22871760 
15 10:56 17:03 | 60 | 1379| 21-87 | 60 | 12-9 | 16°92| 25-6 | 60 
DO 95 18:1 | 60 | 1486| 23-04 | 60 | 137 17:85] 26°7 | 60 
2. 1 12 19-1 1:60 1 1578| 24-15 | 601 245 TS Ta 7 RR 
9 a 9-48 157 | 70). 128 | 21 | 707 E52 725 0 
10 101 16-52) 7071 13-49) 2:87] 707 ,7199337216:551526 70 
113, 10:50 1712| 70.1 16T | 226 -) 70.1 1295] 37251 259 7 50 
DO | alnle95 18-5 | 70 1.15:05| 239 170.1 158 741825] 2822) 0 
= | ..12 19-5 | 70 | 1595| 25°07 | 70 | 1469| 1988| 29-48] 70 
10 5 | 1052 16-5 | 50 I 138 | 20:8 | 504 27. | 185 1727 77 
10: | 41121 178 | 50 | 1443| 2166| 50 | 13:87 | 1771| 2485| 50 
15 276 13:27 55071735922 79257 750u lt 18 DD O0 
20 19:5 19-1 | 50 | 16°09| 23-5 | 50 I:14-9 | 18-9 | 269 | 50 
25 19258 20 DOSE 24-6 | 50 1 157 | 198 ] 1519 
10 Dr 10: 7 60 I 13-9 | 21°8 | 60 | 12:8 | 16:9 | 25°6 | 60 
1 Et 1785| 60 | 1468| 22-79| 60 | 13°51| 177 | 26:5 | 60 
5 | 1% 18:8 | 60 1 155 | 24:8 | 60 | 14°2 | 18:3 | 274 | 60 
20 | 125 19:7 | 60 | 16°38| 24°85| 60 | 15:1 | 19-2 | 28:5 | 60 
25 | 1383 20:77! 60 | 17'26| 25°86| 60 | 16 | 20:52) 29-7 | 60 
10 5 10.52 er) ale! 227 1:70 129 7 172 17 259 770 
10 1999 1827| 70 I 1486| 23:65) 70 | 13°6 | 18 2795| 70 
15 1295 199 | 707, 156 | 246 3707 Aa 19 29 70 
20 1375 202 | 70,1 1958| 25:87 7031219529720 3082770 
Do 14:66 212 .| 701.175 | 269 4 7 a0 7 81-6 | 70 
11 5 11°07 179 | 501149 | 222 | 501 188 | 176 | 255 | © 
207 71992 188 | 501 158 | 231 | 501 146 | 186 | 26°5 | 50 








De an 


N 


Bi, 
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TABLE 20—(continued). 














2 E BE R- ne Triple effect. Quadruple effect. 

Be oo Sg °5 3 \ 

= os 9 | 275 

2 EST er 

BeElE20 |» Rus Zus us“ 

Bol. 2o&% | 

8.1828 0583 | wa 

E S, er SalE=<S3 T. 1, ie 1a NUUE I | UL Jan, ‚IV. 

Nr eı ) 2 Er r, Yo 7 iz Yo a 

11 or |7 19:95 19:6 12071 16:5 | 241) 5071 15:4 19:59 7 27:32.750 
230 13:75 028 80) | alresy al 50 I 16'25 90:4 1 28971750 
25 14:66 225 | | re || 501 17:27 7 91-422 7991750 

al d art 18:30| 60 I 15:1 23:3 | 60 J 13:8 181 falle |h (850) 
10 12ER 19:4 | 60 I 16 245 60 I 143 |189 | 28 ‚ 60 
115) 12:95 2023166021 0116:92725:52111608 1515:62. 5909529 2 E60 
20 SH) 22391 K00E 1 17282 172655 |,6057716:57 | SIEB 060 
95 14:66 als Aze ODE E13: BIETE | 22:2 | 314 | 60 

al 5 la 18235 E00 12115:4531523:87 17707  ZIEeTE 718:62 28 





10 12-22 19:82 | 7041 16:3 | 295 | 704 15° 119977 2982| 779 


20 13:75 29 | TE IST ‚| 279 | 701 16°6 | 21-7 | 828, 70 
25 14:66 22:97 1770211947729 70.4 176 | 22:7 | 534 | 70 
12 d 12:63 1 50 | 161 | 23:5 | 50 | 149 | 18:9 | 26-8 | 50 
10 13:33 20 50 246 | 50 | 15°49| 19:8 | 27:6 | 50 
15 1411 ı 50 | 1793| 25°5 | 50 | 16°68| 20:8 | 28:6 | 50 














20 15 2 ,50|189 | 265 | 501 1765| 21-8 | 29-5. | 50 
25 16 23-12| 50 | 19-9 | 27:69| 50 | ı8-71| 23 | 30:6 | 50 
12 5 12-63 1197 | 601 164 | 248 601151 | 195 | 28:6 | 60 
10 13-33 | 2077| 60 | 17-36| 25:87 | 60 | 15:99| 20:63) 29-7 | 60 
15 14-11 | 2177| 60 | 18-24! 27:03) 60 | 1692| 2163| 30-9 | 60 
20 15 22-86 | 60 I 19-27 | 28-22) 60 [179 | 29-7 | 32 60 
25 16 34-03 | 60 I 20-40 | 29-45, 60 | 19:03 | 23-9 | 33-28 | 60 
12 5 12:63 | 203 | To lı66 | 258 | 701153 | 20 30-3 | 70 
10 13-33 | 21:3 | 70 | 17:59| 27°1 | 70 | 1628| 20-35 | 30-61| 70 
15 1411 1 224 | 701 1853| 28-3 | Oo lırı | 2921| 32-77 | 70 
20 15 23-54| 70 | 19-59| 29-6 | 70 | 18:12) 23:28| 34-09) 70 
25 16 24-83 | 70 I 20:76 | 30-98| 70 | 19-21) 2459| 35-33 | TO 
13 5 13-658 1203 501 ı72 | 249 | 50 | 16 20-1 | 27:9 | 50 
10 14-44 1 21:3 | 501183 | 259 | 50 | ı7 212) %9 50 
15 15:23 122-8 | 501197 | 273 | 50 1184 | 22-7 | 30:3 | 50 
20 16:25 123-4 | 50 1 202 | 27:9 | 50 1 ı9 23-3 | 30-9 | 50 
25 17:33 1245 | 50 [21-4 | 29 |50]| 20 24-4 | 32 | 50 
13 5 13:68 121 '601|]ı7r6 | 268 | 60 | ı6-3 | 209 | 30-1 | 60 
10 14-44 122-1 | 601186 | 274 601173 | 22 31-2 | 60 
15 1528 | 231 | 60] 196 | 285 | 60olı82 | 23 32-3 | 60 
20 1625 1243 | 601 207 | 298 | 601 193 | 24-2 | 33-6 | 60 
35 1733 1256 |sol22 |s11 |60 | 205 | 255 | 35 | 60 
13 5 13-68 I 21:6 | 701178 | 274 | 70] 164 | 21.4 | 31:9 | 70 
10 14-44 1 22:6 | 7Olı88 | 287 | 70OIıT5 | 22:6 | 332 | 70 
15 15-28 I 23-9 | 701199 | 29:9 | oJıs4 | 237 | 344 | 70 
20 16% 19251 |zol2ı |s18 | ol ı95 | 249 | 357 | 70 
35 17:33 1 26-4 | 701 223 | 32-2 | 701 207 | 263 | 37-5 | 70 
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Dir]: 


Percentage of solid matter, r,, in liquors, 
solids, after 1-38 per 


If there be taken from 100 








DOEEt 





Original strength, 


per cent. 


the residue contains r„ per 


= 





vvwHmo 
BDSOWA 
SRrRVDH 
BOAGMD 





»> 





SOC wm H 
ec 


oO vrwioh 
BO amwıpk 


oo 
[e'o) 

















2717 


28:26 
29-34 
30-4 
| 30: 31-52 
30:93 |31-23) 31-56 | 31° 32:61 





























"which originally contained r, = 1-30 per cent. of 


CONCENTRATION OF THE LIQUORS. 


‚cent. of water has been abstracted. 


Kilos. of liquor the following weights of water, in kilos. 


. 


u; | 


| 


” 
13 





14 


cent. of solids. 








een 





SU 
ID C0 0 


Po [0 on a GisU En 
Pr OT [0 2) 


1056 
11:76 


12-92 
14:11 
15:27 
16-47 
17:64 


18-8 

1999 
21:12 
22-35 
23:53 


2475 
2585 
27:06 
28-22 
2941 


30°57 
31'76 
32:94 
34:12 
3528 





Kia 


a1) 
2:36 
3:57 
4:76 
5:95 


714 

8:33 

9:52 
10:7 
Jule) 


13:20 
14:29 
15°47 
1666 
17'85 


19:04 


20:24 


2141 
22:62 
238 


25:08 
26:19 
2738 
28:57 
29:77 


30:95 
32:14 
33:33 
3452 
3570 








n|a|n|» 


1-20 
2:44 
3:62 
482 
6:02 


723 
8:43 
9:64 
10:84 
12:04 


13°25 
14:46 
15:66 
1686 
180€ 


19-28 
2046 
21:68 
22:88 
24 


25°3 
26°5 
2771 
28:92 


3012|: 


3132 


3252 |: 
3373 |: 
34:94 |: 


3612 











Su Urn 
au oOnmamm 


(0 on | 


oSso09PrD 


Pr 





ılSRrkS * 
20:99 | 2 


22:2 
2345 
24:69 


2592| 2 


27:16 
28:39 


29-62 |: 
3086 |: 


32:09 |: 


3333 
34:57 
3586| 
37:03 | 





3625 
318 





1:27 
2:53 
3:79 
5:06 
633 


7:59 
8:86 
10:12 
11:37 
12:65 


13:83 
15:19 
16-45 
1772 
18:97 


20:24 
21:52 
22-75 
24-05 
25:30 


26:58 
27'87 
zaekatıl 
30:36 
31:64 


32-91 
34:18 
35-44 
36:72 
37:95 








er 
BHacodem 
DW 


7:69 
8:94 
10:26 
11'55 
12-86 


14:10 
15:39 
16:66 
17:95 
19:29 


2052 
2179 
23:10 
24:36 
2572 


26:91 
28:20 
29:49 
3077 
32:05 


3333 
3461 
359 
3718| 
38-58 | 
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Tin. 21: 











180 


Aw Aw 


o© QumıoH 
[orKdt%) 


36 

3733 
38:66 
39.99 


Original strength, 


per cent. 


br 
— 





jan 
SO PumH 


Freigeieort 
sPpumH- 


= 
© 


17 


KBHr 
S0O0 


21 
22 
23 
24 
25 


26 
27 
28 
29 
30 
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TABLE 21—(continued). 
























































= 
& If there be taken from 100 kilos. of liquor the following weights of water, in kilos. 
& 
an 
es 26 27 28 29 30 31 32 33 34 35 36 37 | 38 
Du 
oz the residue contains r, per cent. of solids. 
Nr 
1! 1:35| 1:37 1:39 141| 1:48| 1:45| 147| 1-49| 1:52| 1-54| 1:57| 1-59] 1-61 
2 27 | 2:74| 2:77| 2:82) 2:86| 2-90| 2-94 | 2-99| 3:03| 3-08| 3-18] 3-18| 3-23 
3 4:05| 4:11| 4:16| 4:22) 4:29) 4-35| 441| 4°47| 4:54| 461| 47 | 477, 4:84 
4 54 | 5:48| 5:55, 8:63) 571) 580) 5°88| 5°97| 6:06| 6:15] 6°26| 6:36) 645 
d 675| 6°85| 6°93| 7°04| 7:14| 725] 7'35| 7'46| 7:58| 7:69| 7°83| 7°95| 8°07 
6 810| 8:22| 8°33|. 8:45| 8:57| 8:69] 8:85| 8°95| 9:08 | 9-23] 9-39| 9-54| 9-68 
7 9:46) 9:6 | 9:72| 9-85| 10 |10-14|10-29|10-45)10°6 |10°77 1096/1113 | 11:29 
8 [10.8 |10°96 111:11|11°26 1142 | 11°60 11:76 |11'94| 12:12 |12-31|12-62 | 12-72) 12-91 
9 112°15|12°33|12°48|12°66 12-87 |13°05 |13°23 |13°41| 13-63 |13-83 | 1409 | 14-31 | 14-52 
10 [13°:51/13°7 13-87 14-08 | 14:29 |14°49| 1471| 14-93 |15°15 | 15°38| 15-66 | 1590 | 16:14 
11 [1479| 15:07 |15'15 |15°21 | 15°55 | 15°94 | 16:18 | 16-41 | 16:66 16-92 17-22 |17°49 | 1775 
12 [1621 |16°44 |16°66116°9 | 17:14 17'39)17°64 |17°91|18°17 |18-46 | 18:79 | 19-08 | 19-36 
13 1117-56 |17°81|18°55 | 18°31 18-57 | 48-84 | 19:13 | 19-33 | 19:69 | 20 2036 |20°67 | 20-98 
14 18-92 |19-17 |19-44 |19-71/20 ‚| 20-29 || 20-59 | 20-90 21-21 21:54 | 21:92 22-26 22-59 





15 ]20-16 |20-55 | 20-84 | 2112| 21-13 | 21-74 | 22-06 | 22-40 | 22-72 | 23-07 |23°5 |23-85 | 24-21 


16 1216 |21:92 22-22 22-52 22-84 23-20 | 23-52 |23-88) 24-24 2462| 25-95 25-44 24-83 
17 122-97 | 23:29 | 23:61 | 23:94 | 2429| 24:64 |25 25:37 | 25°76 | 2615 | 26°62 | 27:03 | 2743 
18 [2430 | 24:66 | 24:99 | 2435 | 25:71 | 26°08 | 26°46 | 26°86 | 27:25 | 27:69 | 2828 | 28-62 | 29-05 
19 12567 | 26:02 | 26-39 | 26:76 27:14 | 2752| 27°94 | 28:36 | 28:79 | 29-20 | 29-75 | 30:21 | 30:68 
20 |27:02|17'4 2774 | 28.16 28:58 | 28:98 | 29-42 | 29:86 | 20:30 | 30:76 | 31:32 | 31'80 | 82:28 


| 








21 12838 | 28:77 29:16 2946/30 30-42 |30°87 | 31:35 | 31°80 | 32:31 | 32:88 | 33:40 | 33:89 
22 1|29-59 | 30-14 | 30:30 | 30-42 | 31-10 | 3188 | 32°36 | 32-82 | 33:33 | 33-84 | 34-45 | 3498 | 35:50 
23 131°08 31-51 |31°94 | 32:39 | 32-86 | 33-33 | 33-82 | 34-33 | 34-85 | 35:38 |36°0 |36°57 | 37:12 
24 13242 | 32-88 |33°33 | 3380 | 3429 | 35:78 |35°29 | 35-82 | 36-35 | 36°92 | 3758 | 38-16 | 38:73 
25 13378 | 34:25 | 3470 | 3520 | 35°42 | 3623 | 3677 | 37-33 | 37:87 | 38-45 139-2 |39-75 | 40'35 

















26 [35-13 |35-61 36-11 | 36:62 | 37:14 | 37:68 | 38-26 | 38-65 | 39-39 | 40 40:62 | 41:34 | 4196 
27 |36°48 37 37:44 | 37'98 38-61 | 39:15 | 3969 | 40:23 | 40-86 | 41-49 | 42:28 | 42-93 | 43:57 
28 37:84 | 38:35 38-88) 39:43 40 40°58|41:18|41°80 | 42-42 | 43:08 | 43°94 | 44:52 | 45°79 
29 13919 | 39-72 | 40-27 4084 14141 42:03 14279 |43°29 | 43-94 | 44-61 |45°41 | 4611 |46°90 
30 Bere ee 42:25 4348| 43:48 44:12 |44°8 14545 |46°15|47°0 |47°7 ;48:42 














CHAPTER XII. 


THE WEIGHT OF WATER WHICH MUST BE EVAPORATED FROM 
100 KILOS. OF LIQUOR IN ORDER TO BRING ITS ORIGINAL 
PERCENTAGE OF SOLIDS, », UP TO THE DESIRED HIGHER 
PERCENTAGE vr... 


The purpose of an evaporator is, as a rule, to increase the original 
strength of a liquid in solids (dry matter) from r, per cent. to a 
greater strength, r, per cent., by evaporation of water. How much 
water must be evaporated in each case ? 

If there are r, kilos. of solids in 100 kilos. of liquid, and if this 
r, Kilos. is to become r, per cent. in the concentrated liquor, then the 
weight, U, of the concentrated liquid is given by 


r, 100 


ZaR7,.2100,0:.0 = 


(98) 
Thus the weight of water to be evaporated from 100 kilos. of 
liquid is 


100 - U = 100 - 7 = 100(1 - 7) us 


and the weight of water to be evaporated from IV kilos. of a liquid, 
which. contains r, per cent. of solids, in order to concentrate it to 
the strength of r, per cent., is 


Bulle e =. 200 


ur 


Example. —1000 kilos. of liquid, originally containing = 10 per cent. of 
solids, are to be evaporated to such an extent that the residue will contain r,=60 
per cent. Then 


10° 
_ — 83: \ 5 
2) 38 kilos. 


I = zZ 1000( 1 
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In Table 22 are given the weights of water which must be 
evaporated from 100 kilos. of liquid containing r, = 1-25 per cent. of 
solids, in order to produce a concentrated liquid containing 20-70 per 


cent. of solids. 


TABLH 22. 


The weight of water which must be evaporated from 100 kilos. of 
liquid in order to bring the original percentage of solids, r, per 
cent., up to the desired higher r, per cent. 


























Percentage of solids, r,, to be contained in the liquid after 
3 j evaporation. 
5 n ; 
Se rs | | 
E & 20 | 22:5 | 25 | 275 | 80. | 82:5 | 35 | 40 | 45 | 50 | 60 | 70 
=: | | EB 
Oo 
The weight of water in kilos. to be evaporated from 
rr per 100 kilos. of liquid. 
cent. 
1 95 | 95°6 | 96 | 96°4 | 96°7 | 96°9 | 972 | 97:5 | 97:8 | 98 | 98-4 | 98-6 
2 90 | 91:2 | 92 | 92-8 | 93-8 | 93:8 | 94-3 | 95 95:6 | 96 | 967 | 99-1 
3 85 | 86°7 | 88. | 89:1 | 90 90.8 | 9143| 92:5 | 93-3 | 94 | 95 957 
4 80 | 82:3 | 84 | 85°8 | 86:7 | 87:7 | 88°6 | 90 911| 92 | 98-4 | 94:8 
5 75 | 778| 80 | 81'8| 83:3 | 84:6 | 85°8 | 87:5 | 88-9 | 90 | 91°8| 92:9 
6 70 | 73-4 | 76 | 782 | 80 81°6 | 83°3 | 85 86:7 ı 88 | 90 914 
" 65 | 684 | 72 | 745 | 76°7 | 78-4 | 80 82:5 | 84:5 | 86 | 89 90 
8 60 | 64:5 | 68 | 70 73-3| 754 | 774 | 80 82:3 | 84 | 87:3 | 88°6 
9 55 | 60 64 | 67°2| 70 12:8| 18 775 1.80 82 | 85 87.1 
10 50 | 55:6 | 60 | 637 | 66°7 | 69:3 | 715 | 75 77'8| 80 | 83°3 |. 85:7 
11 45 | 51:2 | 56 | 60 63:38 | 662 | 68°6 | 725 75°6| 78] 82 Ss4-1 
1 40 | 467 | 52 | 56°4 | 60 63:1 | 66°6 | 70 734 | 76 | 80 82:8 
is 85 | 42:3 | 48 | 52:7 | 56°7 | 60 |62°9 | 67°5| 71 74 | 79 814 
14 30 | 37:8 | 44 | 49 53-3 | 56°8 | 60 65 689 | 72 | 77 s0 
15 25 | 383°4 | 40 | 45°4 | 50 5581| 578 | 65 | BET 1 a 17785 756 
16 20 | 29 36 | 418 | 467 | 50:8 | 544 | 60 64:5 | 68 | 73°4 | 771 
17 15 | 24-5 | 32 | 38-2 | 43-3 | 48°3 | 51°4 | 57:5 | 628 | 66 | 71 T| 7 
18 10 | 20 28 | 34:6 | 40 44:6 | 50 55 60 64 | 70 743 
41:6 | 45°7 | 52°5 | 57°8| 62 | 68 9 
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CHAPTER XII. \ 


THE RELATIVE PROPORTIONS OF THE HEATING SURFACHS IN 
THE ELEMENTS OF THE MULTIPLE EVAPORATOR AND 
THEIR REAL DIMENSIONS. 


Is Chapter X. we have found the ratios of the evaporative 
capacities (not the real quantities of steam evolved, which are some- 
hat larger in consequence of self-evaporation) of the separate vessels 
of the multiple evaporator. These ratios were found to vary with the 
fall in temperature in each vessel, and with the extent to which the 
liquid is to be concentrated, but not to deviate far from a certain 
average value even in the most extreme cases. These mean evapora- 
ive capacities were (p. 86) :— 


In the double effect erde 045: 
In the triple effect - = D1:9,:@ +6) = 1: BSR 
_ In the quadruple effect - D,:d,:(d, +0,):(d, +0, +A,) 
- = 1:1.009.: KOST EI 


Let H,, H,, H, and H, be the heating surfaces in sq. m. ; 6,1, Oma» 
6,.; and 6,, the mean differences in temperature between steam and 
iquid; k,,k,, k, and k, the coefficients of transmission (which depend 
pon the viscosity, the pressure of the steam, the shape and nature 
of the heating surface and all the other conditions) ; and c the heat of 
evaporation of 1 kilo. of steam. Then if the first vessel evolves D, 
kilos. of steam, 

_ Hdaakı 


D 
1 
c, 


ind the heating surface required by the first vessel is 


n Omıkı 


ET EEE RN) 


_ I Ze a Zn 
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Thus, for the quadruple effect, according to the above, 
1:7:0053: 1109 :7.196 
er H,6,.1Kı . H,0n0%g . Husky. H, Omas (102) 
2 69 08 Da 
and consequently 
eh 6%. ,100585c, ,1'109c, , 1'196 c, 
ee Du a a 





(103) 


If now we assume the different values for c,, 6,, c, and c, to be 
equal, although they may vary from 637 to 618, thus producing only 
a slight inaccuracy, and, further, if we put H, =1landk, =1, ex- 
pressing the values of H and % for the other vessels as fractions, 
since we are now only determining the ratio of the heating surfaces 
to one another, then 


k, = L, k, = Golöy, k, — Osk., k, — ou; 
and the ratio of the heating surfaces to one another is 


EP = = A te. 
DE HH HT ‘oe er 

If the ratio to one another of the coefficients of transmission, %, 
were known, the proportions of the heating surfaces could be 
calculated from equation 104, assuming the desired temperature 
differences in each vessel. 

The coefficients of transmission, k, are, however, not known, they 
depend upon the thickness of the liquid, the construction and details 
of the apparatus, the completeness with which the air is extracted, the 
- diameter of the heating tubes, whether the steam is in or outside the 
tubes, on the absolute size of the heating surface, its cleanliness, and 
finally upon the effective pressure of the heating steam in each vessel. 
For, whilst steam at a pressure of l atmos. or more strives rapidly 
to counteract the diminution in pressure produced by condensation 
on the heating surfaces, and passes over the surfaces, steam at a 
low pressure is littleinclined to do so, and rests more sluggishly in the 
steam space. It is often drawn off by the air-pipe in order to conduct 
. it more rapidly over the heating surfaces. 

All these difterent conditions make the coefficient of transmission 
different for each apparatus and each vessel. At the present time 
sufficiently accurate estimations of the coefficient for actual apparatus 
are wanting. ÖOccasional observations made on apparatus in use are 


(104) 
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rarely quite satisfactory, since the instruments (thermometers, 
vacuum gauges and more rarely hydrometers) are frequently not quite 
correct (Zeits. angew. Chem., öth December, 1899), and because the 
influence of the incrustations actually present is unknown. If we 
give here the coefficients of transmission calculated from a number of 
such observations, it is from necessity, with all reserve, and merely 
with the object of obtaining a rough representation. 

From experiments made by Dr. H. Claassen on a triple effect 
evaporator of a sugar works (Zeits. des Ver. für Rübenzucker- 
Industrie, March, 1893), and from other observations made in similar 
factories, the following ratios of the transmission-coeflicient for sugar 
juices have been calculated :— 


Vessel - - - - a a SEN RT N 
Double effect - - - 1:06 — — 
Triple effect - - - - 1:070:033 — 
Quadruple effect - - =+120:91.,075 2055 


If these figures were to some extentreliable for average conditions, 
and if the same temperature difference were desired in all the vessels, 
then the heating surfaces would be in the ratios (Equation 104) :— 

In the double effect 


1045 a: 
1 . 0.66 = it . 1 98: 
In the triple effeet 
oT a 
. 070 . 0:33 N 1 . 1 44 . 3 414. 


In the quadruple effect 
1: 1:0055 , 1109 , 1'196 
97070 10:58 
Similarly, if it were desired to make the heating surfaces of all the 
vessels of equal dimensions, then the differences in temperature (fall 


in temperature) would be in the ratio just calculated for the heating 
Surfaces. 





= 1:1:10545 187 2:98: 


Example. —If the total available difference in temperature is 50° C., the 
following differences in temperatures for each vessel would be at once deduced 
from the above ratio, if the heating surfaces of the apparatus were equal :— 


Vessel - - - - I, LI, II. IV. 
Double effect - =. 198° 307° —- — 
Triple effect - - =28:567 12312 29:18° — 
Quadruple eflect - - 8:68° 3092 11:845° 18:88° 


8 
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Since thick sluggish liquids, such as are contained in the later 
vessels, and especially in the last, are only brought by considerable 
differences in temperature into violent ebullition and hence to a rapid 
absorption of heat, it is certainly more advisable, if the last heating 
surfaces are to work effectively and consequently also the first, to in- 
crease the differences in temperature (and not the heating surfaces) in 
these (later) vessels. Itis always preferable to make the later vessels at 
the most as large as the first and perhaps even to make them somewhat 
smaller. In no case, however, should the heating surfaces of the 
later vessels be made larger than those of the first, if there are not 
special reasons to the contrary. 

For convenience in manufacture and erection all the vessels may 
be made of the same size, but then sufficient heating surface must be 
added to the first vessel to raise the cold liquor entering it to the 
temperature of this vessel. When extra steam is to be taken from 
one vessel or more, this vessel must be given as much more heating 
surface as is necessary for the production of the extra steam, and 
then the corresponding increase must be given to the heating surfaces 
of the earlier vessels. 

Example.—From 1250 litres of liquor (assumed to weigh 1250 kilos.) 1000 
litres of water are to be evaporated in a quadruple efiect evaporator. The initial 
temperature of the liquor is 30° C. below the temperature of boiling in the first 
vessel. From each of the first and second vessels 100 kilos. of extra steam are to 
be taken. 

In order to heat 1250 kilos. of liquor, the specific heat of which is 1, through 
30° G., 1250 x 30=37,500 calories must be communicated to it in the first vessel, 
37,500 
540 

Further, 100 kilos. of extra steam are to be taken from the first vessel, which 
quantity also must be conveyed to it. 

If the second vessel is also to give 100 kilos. of extra steam, for that purpose 
there must, according to Table 17 (double effect, evaporation to 4), be developed in 


i.e., a8 much heat as would be required to evaporate — 70 kilos. of water. 





A 100 . ; 
the first vessel 1.083 ” 96-96 kilos. of steam. 


Through extra steam and the evaporation thereby necessitated, 100 + 100 + 
96:96 = 296°96 kilos. of water are taken from the liquor, and there remain 
1000 — 296°96 = 703-04 kilos. to be evaporated regularly in the quadruple effect. 

The single vessels evaporate this, according to Table 17 (p. 85), in the ratio, 

1:1°16:1°215:1°375 (total = 475). 
703:04 
475 
148: 171'68: 17982 : 20354. Total, 70304 kilos. of water. 


Since = 148, the single vessels must evaporate 








HEATING SURFACES OF THE MULTIPLE EFFECT. 115 


Thus the actual work done by each vessel must correspond to the evaporation 
of the following quantities of water :— 


In heating the liquor 70 —_ _ —-  kilos. 
For extra steam - - 100 — — = » 
For u - - 96:96 100 — — a2 
R & e A 5 3-54 5 
Regular 148 u on 68 an = DR Total, 
Totals - - 41496 271:68 179-82 20354 ,, 1070°00 kilos. 














The self-evaporation in the second vessel of the quadruple effect, which we 
must consider here in regard to the production of ertra steam, for 100 litres of 
liquor (ß.e., for 75 litres of water), is s, = 1'77 kilos. (p. 85), 

196-956 x 1:77 


thus in this case ee 4'648 kilos., 


and in the ausagnpl® effect (regular evaporation), for 100 litres of liquor (p. 85), 
= 177, ,—=1'46, 5; = 2'835, 
thus in this case 


03:02. E77 f ra, 
3-5 =1690, 3-5 1868, 
Ss = ra I — 22:02. 


The evaporation to be effected by the heating surfaces is thus 
41496, 250'70, 166°14, 18152 kilos. 


We may now cerrectly assume, in order to obtain greater differences of 
temperature in the later vessels, as we have also done in deducing the co- 
efficients, %, from the experiments, that 1 sq. m. of heating surface has almost 
the same efficiency in each vessel. Then the later vessels can undertake the greater 
evaporation, laid upon them by the nature of the conditions, by reason of their 
greater fall in temperature. The effective capacity difiers in different evaporators 
according to construction and circumstances. If we assume for the preceding 
case that each sq. m. of heating surface can develop 20 kilos. of steam per hour, 
then the following heating surfaces are indicated :— 


Vessel I. For heating, = - - - So Bro SOME: 
For the development of 100 kilos. of 
100 
t E E Be 

extra steam, 5 5 5 
For the 96°96 kilos. of steam re- 

quired to produce extra steam 

} 96-96 

I II, —— - - - = 4'848 

in vessel II., 50 ANDAS En 
For the regular evaporation of the 

quadruple effect Les .- 14 & 


’ 20 a — 
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Vessel II. ..n - - - - - =12'54 sq. m. 

va I 2 = a wende 

Vessel IV. nn a Ne er 
Total - - - - 51.368 BR 


The weight of water, which 1 sq. m. of heating surface evaporates 
in one hour in the multiple-effeet evaporator, cannot be stated as 
universally applicable, since it varies greatly on account of all the 
reasons previously given, which cannot be expressed in calculations. 
It is therefore necessary to take the figures of practical experience. 
Ordinary vertical evaporators, with brass heating tubes of 1000 mm. 
length and over, evaporate from liquids which present no obstacles to 
eyaporation :— 


In the single effect: 70-80 litres of water per 1 hour and 1 sq. m. 
In the double effect: 30-36 „ > r » » 
In the triple effect: 20-25 5 ® ? m » 


In the quadruple effect: 18-21 ” s T 3» 


The same apparatus with the liquor at a low level: about 10 per 
cent. more. 

Apparatus with wide horizontal heating tubes: the same. 

Apparatus with narrow horizontal heating tubes: about 15 per 
cent. more. 

Iron heating tubes decrease the evaporation by 10-15 per cent, 
chiefly on account of the greater incrustation. 

Apparatus, in which the liquor flows in a thin film over the heating 
surface, does not evaporate more than that in which the liquor stands 
at & low level. 

Many liquids evaporate with diffieulty, the amount of evaporation 
from 1 sq. ın. of heating surface is then very much less. 





CHAPTER XIV. 


THE PRESSURE EXERTED UPON FLOATING DROPS OF WATER 
BY CURRENTS OF STEAM AND AIR. 


LARGER or smaller quantities of evaporating liquids, and in particular 
drops, are always thrown above the bubbling surface. The current of 
steam, rising along with the drops, exerts on them a driving or lifting 
force, to such an extent that they frequently rise very high in the boil- 
ing pans and may even be thrown out, thus giving rise to loss, which 
might be avoided. 

Finely divided jets or sprays of liquid, upon which the current of 
gas or vapour, intentionally or naturally produced, exerts a moving 
action, are often intentionally produced in condensers and cooling 
apparatus. 

The nature of this action must be known, in order that apparatus 
may be suitably constructed with regard to it. 

The action of a current of steam upon drops is due to the pressure 
it exerts upon them. This pressure depends upon the veloeity of the 
eurrent and the density of the air or steam. We shall therefore en- 
deavour to ascertain the action of gas and steam of various densities, 
velocities and directions, upon drops of different sizes. 

It must be definitely stated, that, in consequence of the want 
of exact research on this subject, the following considerations are 
based upon certain experiments not made under quite our conditions 
(Grashof, Theoretische Maschinenlehre, Bd. I.), and on certain in- 
complete observations of the author’s, and must therefore be regarded 
as only tentative. 

The pressure, which an unbounded current of steam, moving with 
a velocity of not more than 10 m., exerts upon a plane surface of 0-1 
to 4 sq. m. at right angles to its direetion, is :— 


v 


Deyyd .....- (108) 
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where D = the pressure in kilos., 
Q = the plane surface in sq. m., 
yı = the weight of 1 e. m. of air in kilos,., 
v = the relative velocity between the air and plane in 
metres, 
9 = the acceleration of gravity (9'81), 
y = a numerical coefficient. 


This eoeffieient is, according to Grashof, dependent upon the size 
of the surface and is :— 


For surfaces of Q=01 025 05 1 2 4 sq. m. 
7) =1'86 204 218 2:34 2:51 2-69 


The same values hold good for the pressure of moving water upon 
a plane surface. 

For spheres of 100-200 mm. diameter, which move in water, 
according to Piobert, Hutton, Borda (Grashof), in the mean, 


Leis, 

According to experiment of Didion with spherical projeetiles, of 
120-150 mm. diameter, moving very rapidly through the air, 

yv = 0'45(1 + 000830) . . .. 2... 407) 
which would give for velocities of 10-50 m. a mean value of 
dv = 04597. 

Now u decreases with decreasing surface, and hence for plane sur- 
faces smaller than 0'1 sq. m. would be considerably less than 1'86. Also 
the coefficients for air and water have been found to differ little. We 
shall therefore take for the estimation of the pressure which air exerts 
upon drops of water, 0'25-10 mm. in diameter, the value y = 0'6, 
believing that this figure is quite on the safe side. 

The pressure of air upon floating drops would accordingly be 

v2 


D=-064.Y. 0. 2 sa ee 
y:9 dg (108) 
whence 2Dy 

= 00,70. ae (109) 


We shall assume that these equations also hold good for gases and 
vapours, heavier or lighter than air, when the weight of 1 cub. m. of 
these gases is inserted for y, although we believe, reasoning from 
known facts, that in reality the pressure of currents of air upon drops 
is less than that calculated from equations (108) and (109). 
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A drop of liquid is spherical when forces act upon it evenly; but 
when unequal pressures are exerted upon it, as by currents of air and 
steam in one direetion, it is flattened upon the side on which the 
pressure is exerted, thus its diameter will be somewhat increased. 
This circumstance, which is beyond a simple calculation, must be 
neglected, though it increases the pressure upon the drop, t.e., & 
smaller velocity is required to make the pressure upon the drop equal 
to a given fraction of its weight. 

Table 23 has been calculated by means of equation (109), it gives 
the velocities, which currents of carbonie acid, air, and steam at 
100°-10° C. must have, in order to exert upon drops of 0'1-10 mm. 
diameter pressures equal to, and double, their weight. In the case of 
drops of liquids lighter or heavier than water, these velocities will be 
less or greater; they may be calculated in each case by means of 
equation (108), putting for D the weight of a drop of the particular 
liquid. 

Table 23 is to be used with caution, for probably the velocities 
really necessary in order to exert the pressures, G and 2G, are greater 
than are given. However, two conclusions may be drawn :— 

1. The smaller the drop of water, the smaller is also the velocity of 
the current of steam which exerts a pressure upon it equal to its own 
weight. 

2. The lower the pressure of the air or steam, the greater must be 
the velocity to exert a pressure equal to the weight of a drop. 

Or, in other words, with increasing pressure and velocity of the 
eurrent of air or steam, the danger increases that floating drops will 
be carried away with it. 

The volume of the steam and also its velocity in the same section 
of the apparatus increase approximately in simple proportion with an 
increase in the vacuum (i.e., approximately in inverse proportion to 
the absolute pressure). The pressure upon the drop, and hence the 
_ danger that it will be carried away with the steam, increase, however, 
with the square of this velocity. 

From these facts the conclusion follows : that the sections of the 
apparatus, in which floating drops of water are not to be carried away 
by the current of steam which meets them, must always be determined 
Jor the greatest vacuum to be expected (i.e., for the lowest possible 
pressure expected). 
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TABLE 23. 


The velocities of currents of carbonic acid, air and steam of different 
water, 0'1-10 mm. in diameter, equal 




































Diameter of the drop in mm. - - - - 1 0:10 0:25 0:50 
Volume of the drop in cub. mm. - - - I 0:0005233] 0:00819 0.0655 
Section of the drop Q in mm. - - - - I 0:00785 0:049 0:196 
Be ae - ==] 0:0666 0.168 0.334 





Surface @Qinsq.m. 
21778 








Carbonic acid at 0°C., y = 1'873 1 atm. abs 1:04 1:66 2:35 

Air at 19:0, — 17925 $ 1:33 2-11 2:98 

Steam at 100° C., y = 0:6059 * 1:89 3 4:24 

Vacuum. 

” 90° C., y = 0'42829| 235 mm. 2:25 3:6 5-01 
ö 80° C., y = 0'29582 | 406 „, 271 4:3 6:07 
“ 7020.07 =.0:19928) 527 3:3 52 74 
za 670,7 = 02544 761275 4:08 6:44 91 
r 50° C,, y = 0:08336 | 668 „ 5:19 81 114 
i 45° C., y = 0:06576 | 689 „ 574 91 12-8 
55 497°0., y = 0105119) 708 5 6°5 10°3 14:59 
” 39° 0, y = 0:08975 | 720, 74 11:74 16°55 
e 80° O.,y = 0:03086| 729 „, 8-4 12 18:8 
& 23.0, %=.0:023201| 737 5 9:6 1536 217 
x 20° C.,y= 0:'01753| 743 „ 113, 17:69 24-96 
en ir Gy = 001819) 72, 12-8 20-4 28-70 
1 10° O,,y = 0:00951 | 754 , 151 24 33-5 





The velocity of the current of gas or steam when its 








Steam at 100° C. - - - - | 1 atm. abs. 2:67 42 6 
Vacuum. 
” 90°:6, - - - - 959mm 3:18 DB 114 
er 80° ©. - . = 5 4106 3:82 61 8:6 
x a Es 4-68 7-4 10-4 
i 60° C. - = - “ BR 570 91 199 
” 50° 0. - - - - 668 ,, 188 114 16°18 
“ 4576, - e - - 689 „ 812 12-9 182 
n 40° 0. - e - - 706 4; 92 146 206 
* 85° 0.- . - - 120: 12; 104 16°6 23-4 
R 30° &. - - - 1.700. 11°8 170 26:60 
2 257 0. - - - - I m 187 31°T 30:61 
3 PU, - . - - TAB: 198 25 35°7 
nr 15° O.- - - - 747 „ 18:16 28-8 40°8 
10° ©. - 
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TABLE 28, 


pressures, at which these substances exerts pressures upon drops of 
to, and double, the weight of the drop. 












































il 2 3 4 5 6 IM 8 9 10 
035251 459% lea) Be 65.4 113 179 271 382 525 
0785| 3:14 al 12-6 | 19'6 28-3 385 50:221763:6 78:5 
0:668| 1337| 2:0 2:666 | 3'336 40 4:65 5-4 6°0 6'688 
21'844 |43:71 | 65°4 8717 | 109:08 | 130°8 15205 |176°58| 1962 | 218-69 
its pressure is to be egwal to the weight of the drop. 
seit 2) 574 6:63 741 8:12 8:77 938 995] 105 
4-22 | 5:95 Te 8-42 9-43 103 alaıl 119 | 12-6 13:3 
6 8:48 | 10°3 12 13-4 14:66 IT 18 19 
714 |10:09 | 12-3 14-14 15°96 17:46 18:84 720525 He 22°5 
86 1192-12) 14:8 1718 192 21 a N DD 
OA ARTS IS 20.9 23-4 25°6 ars: ıı 2 | Bl 33a) 
129 11824 | 22-3 258 28-86 KH] 34 368 | 38-4 408 
21651, 129:897128 320 36 39 42:7 46 48:5 5 
18-2 | 2580 | 316 36:3 408 44 48-1 Se re DEN 
20:6. .1929:9 35:5 42 46°2 50°5 545 59-7 62 654 
234 1335 40-5 47 52-4 DE 61:85 | 6670| 702 74-2 
266 |38 46 5332 59-5 65 70°2 af || ehr 842 
30:61 |43°2 530 61°2 69-1 rs, 80:95 | 87:5 | 91-8 971 
Sn. 50) 61:1 706 789 86:5 93:3 1100 1038 
40°8 57'8 70 815 91 99-5 1072 114 121787198 
48:0 168 83 96 1067 ahlrf 1264 |136 43:5, 2155 


aF€]€— m sm 


Pressure is to be equal to double the weight of the drop. 


8:48 


10:09 
12:12 
14:78 
18-24 
22-9 
257 


29.2 
33 

374 
433 
50 

57°5 
67°5 





12 


14:14 
17'18 
209 
258 
32'2 
363 


42 
47 





153-2 
61:2 
70:6 
81°5 
96 





146 


174 
21 

25°6 
31°6 
39.2 
447 


50°5 
573 
652 
75'3 
86°5 
EB) 
ıys 





16:97 


20:2 
24:08 
29-59 
364 
45°6 
51'6 


58°5 
66°6 
75-4 
867 
100 
1148 
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CHAPTERZIT 


THE MOTION OF FLOATING DROPS OF WATER UPON WHICH 
PRESS CURRENTS OF STEAM. 


A. Vertical Currents of Steam upon Falling Drops, 


We shall first enquire what upward pressure a current of steam may 
exert upon falling drops without carrying them with it. 

When a drop is loosened from a fixed point ina vacuum and falls, 
its velocity, v, after the time, t, and the height, h, through which it 
has fallen, are obtained from the well-known equations, 

er ER OTTR u vr ei 24 = 2h 
v=gt=NAgh, h= %gt dg? t ; Me: (110) 
in which g is the attraction of the earth = 981. 

Since the attraction of the earth imparts a very small velocity to 
the drop in the first moment, and in the second, third, ete., moments 
adds a second, third, ete., equally small velocity to the first, the 
total velocity increases uniformly, and is, after one second, 981 m., 
after the second second 2 x 981 = 19:62 m., etc. 

The velocity of the fall attained after the first second, known 
as the acceleration of gravity, is generallysymbolisedbyg; 9=9'81 m. 

Any constant pressure exerted upon a drop in any other direction 
naturally gives it an accelerated motion in that direction, and this 
acceleration is directly proportional to the pressure, since the mass of 
the drop remains the same. If the constant pressure of the gas or 
steam is equal to the weight of the drop, then the acceleration, which 
it imparts to the drop in its direetion of action, is also equal to the 
acceleration of gravity, g = 981 m. A pressure on the drop, x 
times as large as its weight, communicates to it in its own direction 
an acceleration x times as great as gravity. 
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Thus if the pressure be known, which a current of air or steam 
exerts on a drop, the acceleration which this pressure imparts is also 
known. If the weight of the drop is G, and the pressure D, then the 
acceleration due to the pressure is 


D 
I @" 


Now that this is clear, we may follow the motion of the drop, 
when the known pressure is exerted upon it in its direction of motion, 
in the opposite direction, or at an angle. 

We shall take for consideration those cases which may oceur in 
evaporators and condensers, in order to obtain from the results a 
basis for calculating the dimensions of these pieces of apparatus. 

If a drop is falling vertically in a uniform current of steam, which 
is ascending vertically, and the pressure of which upon the drop is 
less than the weight of the drop, the fall takes place with increasing 
velocity, but decreasing acceleration, until the sum of the velocities of 
the steam, v,, and of the drop, v,, causes a pressure upon the drop 
“which is equal to its weight. The sum of the two velocities, v, + ®, = 
v, may be calculated from equation (109), and may be obtained from 
Table 23 for steam of known pressure and velocity. Then the 
velocity of the drop alone at this moment is immediately obtained 
by subtraction, v, = v — v,, so that v, and v, are then known. 

The height of fall of the drop, at the moment in which the 
opposing pressure is equal to its weight, is obtained from the 
equation v, = J2g,h, in which g, is variable. 

If the pressure of the steam upon the drop at the top of the fall 
is D and at the bottom G, then g, alters during the fall from 


nn @_G 
A nn 9 to 9ı = —G Zu 0, 
T. 


and in fact according to a function of v. Although itis not quite aceu- 
rate, yet a tolerably correct representation is obtained by assuming that 


EI 9. Whence we find that the höight, h, 


through which the drop must have fallen in order to attain its 
greatest velocity is 





the mean value of g, is = 


h=-ap u ae 
26 9 
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If the drop has fallen so far, it will theoretically continue falling in 
the uniform current of steam at a uniform velocity without accelera- 
tion ; as a matter of fact, frietion will influence this velocity. 

If the velocity of the current of steam which meets the falling 
drop is not regular, but is large below and zero at the point from. 
which the drop starts, thus diminishing from below upwards, then 
the height, to which the drop must fall in order to attain its greatest 
velocity, is found from the law according to which the speed of the 
current of steam decreases, and the distance through which the 
decrease takes place. 

In opposite current condensers this distance is equal to the height 
of the condensers from the steam entry to the water distributor. The 
decrease in velocity is irregular, being slower above than below ; it 
follows approximately the law given in Chapter I. But all the factors 
of influence can only be introduced hypothetically into the caleulation, 
which is therefore omitted, especially since the results are not of great 
practical importance. There is no great deviation from the truth if 
we assume that the height of fall of the drop until it attains its 


greatest velocity is h = n 

The drop falls with increasing velocity in the opposing eurrent of 
steam, and reaches its greatest velocity at the point where the 
opposing pressure is equal to its weight; then its motion becomes 
slower and slower, until it reaches the point at which the opposing 
pressure of the steam, D, alone is equal to double the weight of the 
drop, ö.e., at which D=2G. With a uniformly increasing velocity 
of the steam this would be atthe distance, 2h, from above. Here the 
velocity of the drop becomes = 0, but the pressure of the steam at 
once carries it up again. Its upward velocity now increases, and it 
finally oscillates about the point, at which the pressure of the steam is 
equal to its weight, where it may come to rest. 

Although this representation of the process is not quite exact, 
since the velocities of the steam and the drop in the opposite current 
condenser are in a complicated relation to one another, and the con- 
densation, the frietion and the presence of the many other drops 
considerably affeet the movements, yetit gives an approximate picture 
of the motion ofthe drops and allows two important conelusions to be 
drawn. 
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1. The condensation in an opposite current condenser must always be 
so conducted that all the steam, at the furthest, is liquefied at the water 
distributor ; for if steam ıs still present here, there will still be currents of 
steam, and the possibility that drops may be carried out of the con- 
denser. 

2. The speed at which the steam enters an opposite current con- 
denser (without steps), ought never to be so great that ıt can exert a 
pressure equal to double the weight of a drop of water. If the condenser 
has several steps the velocıty of the steam ought only to exert a pressure 
somewhat greater tham the single weight of a drop. 

In the parallel current condenser the current of steam enters at 
the top, along with the falling drops of water, and follows their direc- 
tion; it therefore exerts a pressure on them when it moves more 
rapidly than they fall, which is almost always thecase. Consequently 
the drops fall faster—they more quickly reach the lower part of the 
condenser—their time of fall is less than when they fall free. 

Since the velocity of the steam diminishes to zero towards the 
bottom, but the speed of fall of the drop increases towards the 
bottom, the accelerating action of the steam is not very great. It 
rarely increases the velocity of the drop by more than one quarter. 

The jets and sheets of water present in all condensers are very 
much less influenced by the steam currents, it may be because these 
currents meet them sideways. 


B. Horizontal or Inclined Steam Currents meet Falling Drops. 


When a current of air or steam moving in a horizontal direction 
strikes a drop of water falling vertically, the latter is deflected from 
its vertical path. If the side pressure upon the drop begins from the 
same moment as its fall and is equal to its weight, then the drop 
falls at an angle of 45° with the horizon, since the horizontal acceler- 
ation is equal to the vertical. With a lower pressure the angle is 
more obtuse, with higher pressures more acute. 

If the horizontal pressure is several times greater than the weight 
of the drop, the direction of fall may approach very nearly to the 
horizontal, but can never rise above the horizontal, since the forces 
act only from the side and downwards but never upwards. 

Should the drop already have fallen vertically through a certain 
distance before the side eurrent meets it, the deviation is considerably 
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less, since now in equal intervals of time the vertical velocity is 
greater than the horizontal. The danger that the drop will be carried 
with the side current is therefore less. The connection can be seen 
more clearly from the annexed Fig. 12, than it could be made by 
many words. 





Bu. 12, 


If the direction of the eurrent of steam is inelined upwards at the 
angle a towards the horizon, then the drop of water will still fall 
below the horizon if the pressure of the side current, D, is less than 

G 


sin a 


OBLIQUE UPWARD CURRENTS OF STEAM. 127 


If D is less than G, the drop cannot be driven upwards at any 
angle; it always falls downwards. 

If the side pressure, D, is equal to the weight of the drop, @, the 
drop falls downwards when a is less than 90°. When a = 90° (ü.e., 
sin a = 1) the drop is kept exactly in its place. 

If D be greater than G, the danger that the drop may be carried 
upwards oceurs even with small values of a. When D is 1'925, 1'5 or 
2:0 times as great as @, the angle which the current of steam may 
make with the horizon upwards, may not be greater than 


|Dsina=G, 125@sina=G, sina 5) 


er! A 
O5 D8 
= 53°, Al? or 30% 


sin a = 


TABLE 924. 


The velocities of the currents of gas and steam, which, acting upwards 
at an angle of 30°, 45° or 60° on floating drops, drive them in a 
horizontal direction. 





Diameter of the drop of water in mm. 
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In Table 24 are given the velocities of currents of carbonic acid, 
_ air and steam (the latter at 100° C.), at which, striking upwards at 
angles of 30°, 45° and 60° upon drops just beginning to fall, these 
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currents cause the drops to deviate into the horizontal direction. 
Thus if such currents are not to carry drops up with them, they 
should be given smaller velocities than those in the table. 

A special case is that in which a drop, just falling from an edge, 
is met by a current moving in a circle round this edge. In this case 
too, D should not be greater than G, if the drop is not to be carried 
upwards. 

Since the distance traversed by drops in apparatus is never very 
great, and their velocity is generally high, it follows that the time 
during which the drops move freely is usually very brief. Thus it 
often happens that before the pressure of the steam can materially 
deviate the course of the drop, it has arrived safely at its destination. 

The cases just treated occur in dry opposite-current condensers with 
horizontal or inclined diaphragms. We learn that the sections between 
the diaphragms must be made so large, that the pressure exerted upon 
the drops by the velocity of the steam cam never esxceed their weight. 


C. A Vertical Current of Steam meets a Drop thrown 
Obliauely. 


In Heckmann’s froth separator, Ger. Pat. 70,022 (Fig. 13), two 
other cases oceur. The drops are thrown from the froth-plate either 
horizontally or at adownward angle and the current of steam generally 
meets them from below. 

If the drop flies horizontally from the froth-plate, its weight draws 
it downwards and it falls through the space, s,, in the time, £. 


Zap u a 


The pressure of the current of steam from below forces it upwards, 
and it rises in the same time, t, through the space. 


_Dg, | 
una A ee 


The vertical path is therefore 
2 
ı=,-,-Je-cp-E(-7)- 0 


Wr 


4” l, then s = 0), i.e., when the upward pressure is equal to 
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the weight of the drop, the latter continues in the horizontal direction 
without deviation upwards or downwards. If the pressure Dis greater 
than G, the drop is carried upwards by the current of steam; if the 


pressure is sınaller, the drop falls slowly downwards. 


a: 


ee" 


Sm I 
ERS Se a Se 4 = ct.cosatanz 
a ! „D t? 
IE 
v “> ı 62 










_gDo © 0! oodh, 
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er, > 
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Fıc. 13, 





Re SINE + Def 


If, in eonsequence of the shape of the foam-plate, the drop 
acquires a motion inclined downwards to the horizon at the angle 
a, and the velocity c, whilst a current of steam acts upon it vertically 
from below with the pressure D, the drop describes the downward 


space, s,, in the time, i, in consequence of its original velocity. 


= Ch 


The path downwards, due to the earth’s attraction, is 


Sr 


The path upwards, due to the current of steam, is 


Its total movement from the horizontal is therefore 
s=8,+8,- 8; = cisina + It? - 


e s=ctsina+ dt (1 - 2) 


Ds 
ae: 


(115) 


(116) 


(117) 


(118) 


(119) 
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Equation (119) indicates that the curve, in which the drop moves 
. downwards, is a parabola; we shall, however, assume now for the 
sake of simplicity that the path is a straight line, from which, as a 
matter of fact, it deviates but little in the portion considered. 

From equation (119) it is also seen that, when the pressure of 
the steam current D from below is less than the weight of the drop, 
the latter falls below the direction in which it was thrown off, and 
that when D = G, it moves in that direction, 2.e., at the angle a with 
the horizon. 

If D is greater than G, the drop will be carried on to the wall of 
the apparatus above the direction at which it was thrown off. I£ it 
is assumed that it rebounds at the same angle as that at which it hit 
the wall, and is now carried on the rebound by the upward current 
of steam to the same extent as before, this direction of rebound must 
not lie above the horizontal if the drop is not to be carried away 
upwards. 

The pressure from below should thus at most have the effect of 
raising the drop through half the angle of inclination of the plate 


(that is, by 5). 


Ben s = ctcosatan 5 ee 
Now ey 5 
therefore D : Mus a : 
a Ha . =ctsina+ 0° — ctcosatan DEE (121) 


Hence we obtain the relation between the pressure exerted by the 
steam and the weight of the drop :— 
n -1= (sine _ cos a tan 5) er 
The velocity, c, with which the drops are thrown off from the 
plate is rarely less than 20 m. per second, but is generally 30 m. or 
more. The vessels, in which this separation of drops takes place, are 
rarely more than 3000 mm. in diameter, the distance from the wall is 
thus 1200 mm. at a maximum, since the plate in this case would be 
more than 600 mm. in diameter. The time the drop requires in order 
to reach the wall under these eircumstances is given by 
20: = 12 
or t = 006 sec. 
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In this time of 0:06 sec. a drop may fall freely through 18 mm. 
If the plate has an inclination of 10° towards the horizon, then the 
drops flying off in a straight line from it would hit the wall 224 mm. 
below the horizontal. The pressure of the steam from below thus may 
raise the drop (without danger of carrying it away) through: the 18 
mm. through which the attraction of the earth drags it down, and then 
through about half 224 mm., 2.e., through 18 + 112 = 130 mm., for which 
roughlya pressure equalto a = 7 times the attraction of gravity would 
be requisite. 

If the following substitutions be made in equation (122) the results 
contained in Table 25 are obtained :— 


a=20, 30rand 50 m, 
= 10°, 
t = 0:06, 0:03 and 0:01 see, 

The results indicate how many times the pressure D may be 
greater than G@ before danger occurs that the drop will be carried 
away. It will be seen that, under ordinary eircumstances, a small 
angle, a, is sufficient quite to exclude this danger. 


TABLE 25. 





e= 320m. | 0-93 0m: | GE =Zollunme 


Value of z when a = 10°, 
T 








0:06 7:35 10:52 16:88 
0:03 13:70 20:00 3272 
0:01 39:16 48:60 86:28 





CHAPTER XV1I. 
THE SPLASHING OF EVAPORATING LIQUIDS. 


A. The Height to which the Splashes rise when the Current 
of Steam acts upon them, 


Wnen liquids are in rapid evaporation, both drops and larger volumes 
are thrown up above the surface. These may then be carried by the 
ascending current of steam, thrown out of the vessel and thus readily 
lost. 
We shall examine to what height portions of the liquid may be 
raised in boiling and under what circumstances losses may oceur. 
Three influences affect the motion of portions of the liquid :— 


1. The drops, bubbles and splashes are thrown up with the 
constant velocity, c, by the steam bubbles produced by 
the boiling liquid. 

2. The attraction of the earth draws them down and gives them 
the veloeity: v, = gt. 

3. The current of steam rising from the liquid with the oe 
v„ exerts an upward pressure upon the projected portions 
when v,is greater than their upward velocity,c. Atthelevel 
of the liquid the difference in the velocities is v, - 6; 
when the projected portions have reached the highest 
point of their path, at which the velocity is zero, the 
difference in the velocities is , -O = v.. 


If v, is greater than c, the current of steam acts from below upon 
the drops, bubbles and splashes and increases the velocity of their 
ascent. If v, is less than c, the current of steam exerts a pressure 
upon them from above and retards the velocity of ascent. 

If we represent the pressure exerted upon the splashes by the 
current of steam, in consequence of this difference in velocity, by 
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P, at the surface and by P, at the highest point, then the mean 


+P, 


pressure is approximately + u. and the mean acceleration 


Pe 








they receive from this pressure is + 9G °9. Consequently the 

velocity imparted to them in the time, t, by the current of steam is 
Det, 

el Vo 


The total velocity of the splashes will therefore be 











v=c-ge+ Pi ..\ ee ln), 
At the highest point, at which v, = 0, 
ut, 
OF: TEL Sn er (2: 
Thus the time required to reach the highest point is 
= ale 


alı - utEN 
Tu 


The distance described by the drop in the time, £, i.e., the height 
to which it has risen in the time, t£, is j 


P.+ P,g% 








h, = ct - 3gt? + 3G 5: (126) 
or 
t But, 
n=gle+e-g+ 94 gt). 2 ea) 
If v, is inserted for the value in equation (123), then 
Merle tm) u. a de 
When v, = 0 (at the highest point), 
Me a le 
or, inserting the value of £ from equation (125), 
h, = - . (130) 








ee 
29(1 - 9G ) 
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From this equation the height to which drops, bubbles and splashes, 
thrown up from boiling liquids, will rise, can be caleulated in all cases 
for which c, P,and P, are known. These values must now be found. 

Equation (130) shows that the current of steam will carry drops 
from specifically lighter liqwids to a greater height than those from a 
specifically heavier liquid. 


B. The Height to which the Splashes rise when the Current 
of Steam does not act on them. 


We shall next consider the velocity, c, with which, and the height, 
h, to which, portions (not drops) of the evaporating liquid will be thrown 
above its surface, neglecting in the case of these masses the action of 
the rising current of steam. 


1. Steam Heaters, with Vertical Heating Tubes containing the Liquid, 
under Atmospheric Pressure. 


In this case, if the liquid reaches to, but does not cover, the upper 
end of the tube, isolated bubbles of steam are formed on heating 
gently; they rise in the tube, pass above the surface and burst. 
When the evolution of steam increases the steam bubbles form a 
current of steam, which continuously leaves the top of the tube. 

The velocity of the emerging steam is conditioned by its volume 
and the section of the tube. The volume of the steam is, however, 
dependent upon the dimensions of the heating surface (?.e., in this 
case the length and diameter of the tube), its evaporative capacity per 
sq. m., and the pressure of the steam. All these factors may vary 
greatly. 

Now, however, steam does not escape alone from the tube; a 
considerable quantity of liquid accompanies it. When the steam 
evolved in the tube throws the liquid out, more liquid enters from 
below, from which, in its turn, steam is formed, which again carries 
with it the fresh liquid. 

The veloeity with which the fresh liquid enters the tube depends 
upon the pressure of the column of liquid outside the tube, the 
internal opposing pressure of the steam (which is generally small) 
and on the specifie gravity of the liquid. The greater the height of 
the column of liquid and the density of the liquid, and the lower the 


| 
. 
v 
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pressure in the tube, the greater is the veloeity with which the liquid 
enters. 

The: pressure of the column of liquid is due to its height outside 
the tube minus the height of the liquid in the tube. The velocity 
with which the liquid enters the tube at the bottom, and consequently 
also the quantity of liquid carried into the tube, is greatest when the 
tube contains only steam throughout its entire length. This extreme 
case is, however, unusual. The contraction, due to sharp angles and 
the eylindrical form of the tube, causes the theoretical velocity of entry 
not to be quite attained. We shall therefore assume, by analogy with 
vertical jets of water, that the greatest velocity with which the liquid 
enters at the bottom is 

= 0INM nn re 
where / is the length of the tube in metres. 

The volume of liquid, V,, in litres, which enters at the bottom of 
the tube in one second, is 


un 0 


= 0'8 ag 10 
a) 
if d be the diameter of the tube in decimetres. 
The volume of steam, in litres, formed in the tube in 1 second, and 
which thus must leave it at the top, is 
7 _ drlw1000 
“10 x 3600, 


litres .,7 0 a. nn Ess) 





in which w is the evaporative capacity in kilos. per 1 sq. m. per hour. 
Thus the total volume, in litres, which must leave the tube in one 
second, is 


dla 


V,=V,+ 7, = 2dr Vgl + (134) 








The velocity, in metres, with which this Br leaves the tube, is 
a Id: ad + in 
216 
= 0,8 /Agl + 504 (135) 
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and the height, in metres, to which the liquid would be thrown with 
this initial velocity, if no other force acted on it, is theoretically 


ES 5, 


This theoretical height of splashing is given in Table 26; other 
necessary data for its estimation will also be found in the same place, 
v2. >— 

(«) The volumes of steam, V,, in litres, produced in 1 second in 
tubes of 30, 50, 80 and 100 mm. bore and 1 m. length, when 10, 20, 
30 and Ö0 litres of water are evaporated by 1 sq. m. of heating surface 
per hour, under atmospheric pressure and vacua of 234, 405, 611 and 
705 mm. 

(b) The volume of liquid, V,, in litres, which enters at the bottom 
of empty tubes of 30, 50, 80 and 100 mm. bore in 1 second, when the 
external pressure of the liquid is 0'333, 0'5, 0°667, 1, 1'5, 2or 3 m. 

(c) The calculated velocities, c, with which steam and liquid are 
thrown out of the tubes, when the tubes are 1, 1'5, 2 or 3 m. long. 

(a) When the height of the liquid outside the tube is equal to the 
length of the tube, :.e., when the hydrostatic pressure is 
equal to the length of the tube. 

(ß) When the height of the liquid outside the tube is only ; of 
the length of the tube, :.e., when the hydrostatic pressure 
is equal to 4 of the length of the tube. 

(d) Finally, in the same table are given the theoretical heights, 
h,, to which the liquid would rise, without regard to the action of the 
current of steam, for all these cases and also for the case that liquid 
stands over the ends of the tubes (denoted in the table by £.c..—tubes 
covered). 

In regard to the last series of figures, it is to be remarked that, 
when the steam and liquid emerging from the tube have to penetrate 
a more or less thick layer of liquid before reaching the surface, they 
have accordingly in proportion to overcome resistance in the layer of 
liquid, the steam bubbles then spread out to the sides and their 
velocity is retarded. 

In heaters with vertical tubes, which generally stand very near 
together, the steam spreads out as soon as it leaves the tubes to such 
an extent that the isolated currents from the single tubes unite into 
one, the section of which is equal to the whole section above the tubes. 
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The distances apart of tubes vary in different apparatus. The 
(distance from centre to centre may be approximately, 
with tubes of 30 50 80 100 mm. bore, 
:about 45 65 95 115 mm. 
Thus the ratio of the section of the tubes to the section of the open 
space above them is as 


a9 > 1877 21978 5 1508 7, 27 0E2 
We shall assume that the average ratio is 1:1'746; then the 
welocity of the current of steam above the ends of the tubes is TEE 
and the theoretical height of the splashes, without regard to the action 
‚of the current of steam, is 
ec? 


= Tag > 


The heights of the splashes for evaporating apparatus, in which the 
liquid covers the ends of the tubes, have been calculated by means of 
this equation (Table 26n, denoted by t.c.). 

The velocities, c, when the height of the liquid is 1, 1'5, 2 or 3 m., 
are divided by 1'746 in order to obtain the velocity of steam and 
liquid in the larger space above the tubes. The velocity so obtained 
is then squared and divided by 29 = 2 x 9:81 = 19'32, by which the 

theoretical height of the splash is obtained. 
In the caleulation it was assumed that the tubes were quite free 
from liquid ; other retarding influences were also disregarded. The 
presence of liquid in the tubes diminishes the hydrostatic pressure 
and thus the velocity of entry and the quantity of liquid entering. 
The internal height of the liquid is naturally variable; it will be 
larger the more slowly the evaporation takes place. 

Further, the thiekness of the liquid and the height at which it 
stands over the plate, in which the tubes end, have been disregarded, 
since both conditions, in the lack of observed figures, cannot be 
introduced into the calculation. 

The quantity of liquid above the plate, which is constantly being 
renewed by the stream from the sides, has also been disregarded in 
estimating the veloeity. It somewhat increases the volume, thus 
the veloeity, and therefore the height of the splash ; it diminishes the 
height of the splash by absorbing kinetic energy. 
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It is also to be supposed that the vapours, when they become 
free from the somewhat compressed conditions in and over the tubes, 
expand and by the expansion still further throw up the liquid. 

The height of the splash of the liquid is diminished by the friction 
to which the projected portions of the liquid are subjected, and which 
is disregarded here. 

Thus, although the heights to which the liquid is theoretically 
splashed, as calculated here, cannot be regarded as absolutely exact, 
yet they make clear what conditions influence the height and in what 
manner. 


Table 26 shows that the height of the splashes from evaporating 
ligqwids increases with decreasing diameter and increasing length of the 
tubes, with the pressure due to the column of liquid, with the evaporative 
capacity of the tube per sq. m. of heating surface and with decreasing 
pressure above the tubes. 


2. Evaporating Apparatus, not fitted with Vertical Tubes, but with. 
Flat Bottoms, Double Bottoms, Steam Coils or Horizontal Tubes, 
or heated by Open Fire. 


In apparatus of these constructions the section available for the 
escape of the steam is always very much greater in proportion to the 
heating surface than when vertical tubes are used. Whilst with the 
latter the steam space is 1'5-3 sq. dem. in section (2-22 sq. dem. on 
the average) to 1 sq. m. of heating surface, the former constructions 
give a section of 5, 7, 1O or even 20 sq. dem. per 1 sq. m. of heating 
surface. Table 27 gives the veloeities of the currents of steam evolved 
from vacuum evaporators with steam coils or double bottoms. 

Thus the velocity with which the steam escapes is always much 
lower in the latter apparatus than in evaporators with vertical tubes, 
but the liquid is still raised by the steam to some extent. At the point 
where steam enters the double bottom or heating coils and tubes, or 
where fire strikes directly against the wall of the vessel, a much more 
rapid transference of heat and evolution of steam take place; thus the 
liquid will be thrown up to the greatest extent near the steam entrance. 
Consequently there arises a current of liquid from the warmer to the 
colder parts and back; the velocity of this desirable motion may be 
very considerable. Allthe liquid which moves towards the place where 

[Continued on p. 151.) 
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TABLES 264, 26B, 260, 26D. 


. Litres of steam, which emerge in one second from the top of vertical 
heated tubes, 30, 50, 80 and 100 mm. bore and 1 m. long. 
Litres of liquid, which in one second enter these tubes from below. 
Velocities with which boiling liquids are projected from vertical 
heated tubes of 30, 50, 80 and 100 mm. bore and 1,15, 2 and 
3 m. height, under vacua of 0, 234, 405, 611 and 705 mm., when 
the evaporation is 10, 20, 30 and 50 litres per sq. m. per hour, 
and when the height of the column of liquid is equal to the length 
of the tube and when it is 4 of the same length. 
. Heights, h,, to which the liquid will be splashed above the tubes 
under the same conditions, without regard to the assistance of the 
currents of steam. 


> 


ar 


\e) 


TABLE 26A. 





Litres of steam, which leave the top 
of the tube in one second. 















Bore of tube, mm. 
Vacuum. 30 | 50 | 80 | 100 


Evaporation, 
w, per 1 sq. 
m. andl 
hour. 






Length of 
tube, /. 





Heating surface of tube, sq. m. 
0.094 7 0157) ar 


Litres of steam, Va. 




































































Metres. Litres. mm 

1 10 0) 0'413 0:75 1'2 15 
20 0 0'826 1165 2.4 3 
30 0) 1'239 23:24 3'6 4:49 
50 (0) yAa Rs) 374 6 7:48 

J! 10 234 0:61 1:02 1:63 2:04 
20 234 1:22 9:08 3:28 4:07 
30 234 1:83 3:05 4:88 Ga 
0 2334 305 5.09 814 | 10:18 

il 10 405 0'883 1'472 2:36 2:95 
20 405 1'766 2:944 472 5:9 
30 405 29:649 4'416 7:08 8:85 
0 405 4'418 73509: IHDYyE Ra 

1 10 611 1'992 3.333 5:32 6656 I 
20 611 3:98 666 10:64 | 13'312 
30 SL 58'98 9:99 1596 | 1996 | 
50 611 9:96 16:64 26:bL | 33°28 

AN 10 705 8°09 8:51 12:8 1702 
20 705 10°2 7:03 25°6 34:04 
30 705 15°3 94:53 384 51:06 
50 705 2547 42:54 64:02 | 85:09 








If the heated tube is 15, 2 or 3 m. long, then 1:5, 2 or 3 times as 
many litres escape from the tube. 
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TABLE 26B. 


Litres of liquid, which enter the tube at the bottom in 
one second when the velocity of entry is 


v= O8N2gl. 





Length of the Bore of tube, mm. 
tube, /. | 50 | 80 | 
Section of tübe, sq. decimetres. 
0196 | 0502 | 

Litres of liquid, V7. 











10 
12°6 
144 
17 OT. 
21:94 
253 
30:92 











TABLE 26c. 





Velocity, c, with which steam and 
liquid leave the top of the tube. 

















Evapora- 






































Length | tion, w, | Height of Metres per second. 

of ne Dr a Vacuum. Boreofibe, mul 
i 1 hour. 30 50 | 80 | 100 

Metres. | Litres. Metres. mm. & anal Sr. 
1 Il 0 4 39 39 38 
1 1 0 471| 43 4 39 
1 I 0 330) 4:7 43 4:1 
1 1 0 646 5.4 475 45 
1'5 1% 0 52 4:8 4:74 4:66 
1'5 1% 0 vi 54 51 4:93 
15 ]* 0 uf 59 54 521 
15 L: 0 9 gt 61 58 
2 2 0 625 5°6 5.54 1532555) 
2 2 0 744 62 6 58 
2 2 0 88 7 6°5 615 
2 2 0 13% 85 74 7:68 
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TABLE 260—(continued). 


Veloeity, ec, with which steam and 


Evapora- liquid leave the top of the tube. 


Length | tion, w, | Height of Metres per second. 
of tube, | per 1 sq. [liquid out- | Vacuum. . 
L m.and | side tube. Bore of tube, mm. 


1 hour. i 50 s0 








Metres. Litres. Metres. Velocity, c. 





10 
20 
30 
50 
10 
20 
30 
50 
10 
20 
30 
50 
10 
20 
30 
50 
10 
20 
30 
50 
10 
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30 
50 
10 
20 
30 
50 
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30 
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50 
10 
20 
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TABLE 260—(continued). 













Velocity, c, with which steam and 
liquid leave the top of the tube. 
Metres per second. 





Evapora- 
1 Length | tion, w, | Height of 
of tube, | per 1 sq. [liquid out- | Vacuum. 
l. m. and f side tube. 
1 hour. 













Bore of tube, mm. 
80° 1...80° | BB E 100 











Veloeity, c. 

















































Metres. Litres. Metres. mm. 

]. 30 1 Bul 12:02 8°6 676 615 
ii 0 1 o11 17266 112 | 889 19 
15 10 15 a 8:5 6°9 6 9'62 
1'5 20 150 611 10-2 9-5 76 142 
1'5 30 365) 611 17 13 9-12 8:3 
1°5 50 1.9 611 25°5 17 12:9 197 
2 10 2 611 108 7 1 6°8 
2 20 2 611 16°4 104 93 8:65 
2 30 9 611 22 14 114 107 
2 0 2 611 33:3 20 19-7 13°5 
3 10 3 611 15 — _— a: 
3 20 8 611 23°3 — — — 
3 30 3 611 821 _— —_ ie 
3 0 3 611 0 — —_ — 
1 10 1 705 10:77 19 64. 972 
[ 20 1; 705 18 12 87 8 

1 30 1 705 25 16 11-2 10:1 
ji 0 1 705 40 25 168 144 
15 10 1'5 705 14°5 11: 82 187 
29 20 15 705 26 17°5 12 10:9 
1'5 30 1405) 705 35 23 15°9 141 
15 50 1'5 705 59 37 23°6 20°6 
2 10 2 705 19 12 10 97 
2 230 2 705 13°7 
2 30 2 705 182 
2 50 2 705 26°8 
3 10 3 705 — 
3 230 3 705 _— 
3 30 3 705 _ 
3 50 3 705 — 
1 10 0'333 0 j i 

1 20 0'333 0 

1 30 0'333 0 : 

1 50 0'333 0 i 
1'5 10 0:50 0 ' ; j 
1'5 20 0:50 0 j s ‘ 

en 
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TABLE 260° —(continued). 





Evapora- 

Length | tion, w, | Height of 

of tube, | per 1 sq. [liquid. out- | Vacuum. 
l. m. and | side tube. 

1 hour. 

Metres. | Litres. Metres. mm. 
1'5 30 0:50 0 
1'5 50 0:50 0 
2 10 0:667 0 
2 20 0:667 0 
2 30 0'667 0 
2 50 0667 0 
3 10 1 0 
3 20 il 0 
3 30 1 0 
B) 50 1. 0 
1 10 0'333 234 
l 20 0'333 234 
1 30 0'333 234 
1; 90 0'333 234 
1'5 10 0°5 234 
1'5 20 0°5 234 
1'5 30 0°5 234 
1'5 50 0°5 234 
2 10 0'667 234 
2 20 0:667 234 
2 20 0'667 234 
2 50 0667 234 
3 10 1 234 
3 20 il 234 
3 30 1! 234 
3 50 1! 234 
1 10 0'333 405 
| 20 0'333 405 
1: 30 0'333 405 
1 50 0'333 405 
1'5 10 0°5 405 
1'5 20 0°5 405 
1'5 30 0°5 405 
15 50 0°5 405 
2 10 0'667 405 
2 20 0'967 405 
2 30 0667 405 
2 50 0667 405 


1 


43 





Velocity, c, with which steam and 
liquid leave the top of the tube. 


Metres per second. 





N 


Bore of tube, mm. 
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80 
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TABLE 260—(continued). 


Velocity, ec, with which steam and 
liquid leave the top of the tube. 





Evapora- 

















Length | tion, w, | Height of Metres per second. 

of tube er1sq. [liqui - i 
Ze en “| AN Pr Bore of tube, mm. 

1 hour. 30 1.280 er 

Metres. Litres. Metres. mm. Velocity, c. 
3 10 1:00 405 1:8 — u se 
3 20 1:00 405 20 — — = 
B) 30 Ji 405 149 — — 
3 50 il 405 225 — — — 
1: 10 0:333 611 d 375 3 23 
Ai 230 (13383 611 7:8 5.3 4:1 372 
1 30 0'333 611 10 H 5.1 4°5 
gi 50 0'333 611 16 10 72 d 
I: 10 0°5 611 94 d 4 3°6 
15 20 0-5 oa 8'5 1'5 5'6 d 
IR 30 0°5 Oma "bl 10 172 6 
1% 50 0°5 611 17 145 10°2 88 
2 10 0667 6ll 8 98 4'85 373 
3% 230 0:667 611 DET, 3 72 538 
2 30 0667 611 20 13 9.2 743 
2 50 0667 611 30°5 19 13:5 10°5 
3 10 | 611 1232 — — — 
3 20 1 611 20°6 _ — — 
3 30 1 611 29:2 _— zn _ 
3 50 il 611 462 — — _— 
12 0'333 705 9 625 4:7 4 
ji 0338 705 17, 10°5 72 63 
1 0'333 705 23 143 9:6 8 
il 0'333 705 278 23 15 12°8 
1% 0°5 705 14 9 635 d 
1%, 0°5 705 24 15°5 10 gl 
U 0°5 705 33 20°5 14'4 118 
1% 05 705 58 34 20 17'8 
2 0667 705 16 11°5 81 175 
2 0667 705 30 20 13 10°5 
2 0667 705 45 27 18 15 
2 0:667 705 75 45 29 237 
3 1 705 23 - — — 
3 1 705 45 u — = 
3 1 705 67 — — — 
3 1 705 1110 — —- E= 
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TABLE 96D. 


Height to which the liquid is pro- 
Evapora- jected from the tube, h,. 
tion, w, | Height of 
per 1 sq. | liquid out- [| Vacuum. 
m. and | side tube. 30 | | | 


Rhaur. Height of splash, 7. 
Metres. Litres. Metres. mm. Metres. 





Bore of tube, mm. 








10 
10 
10 
20 
20 
20 
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30 
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10 
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TABLE 26D—(continued). 








Height to which the liquid is pro- 
jected from the tube, ,. 






Evapora- 




























| Length | tion, w, Height of = Be ; = 
| of tube, | per 1 sq. [liquid out- | Vacuum. Bore of tube, mm. 
l. m. and | side tube. 39 7.80. RO 
BIOS: Height of splash, ",. \ 
| Metres. Litres. Metres. mm. Metres. 
3 10 3 0 32 = = BB 
3 20 t.c. 0 167 | — — — 
3 20 il 0 2°5 — = = 
3 20 3 0 5 — ER zu 
3 30 t.c. 0 228) = — — 
3 30 1 0 387 — e= >E 
3 30 3 0 6:84 — — — 
3 50 t.c. 0 41 — — = 
3 50 1 0 819.) — — 
3 50 3 0 123 — — — 
1 10 t.c. 234 0-32 | 0267| 025] 0233 
1 10 0'333 234 045 0:313| 0'269) 0'242 
1 10 Jh 234 VrDB 7 108 075 07 
1 20 1,6, 234 0467| 0333| 0293| 0267 
1 20 0'333 234 08° | 045 | 0851 D2BE 
ai 20 1 234 1'4 1 0:88 0:8 
1 30 .G, 234 0:633| 04331 0'333) 031 
1 30 0.333 234 1:01 0.613! 0-435|° 0392 
1 30 1 34 | ı9 | ı8 | ı 0-93 
1 50 1.6, 234 0103) 0:62 045 0.4 
1 50 0'333 ‚234 1993| 101| 0843] 08 
1 50 {N 234 2 a en En; 1'35 12 
15 10 t.c. 234 0:52 | 0417 0'383) 0383 
15 10 0:5 234 08 | 0528| 0-45 0338 
1°5 10 1% 234 1861 151 75 128 
15 20 t.c. 234 | 0'817 0:54 | 0'467) 042 
15 20 0°5 234 1'35 0:8 | 0:57 0:48 
15 20 il 234 2:45 162 | 14 | 2736 
15 30 t.c. 234 112 | 0708| 06507 85 
15 30 0°5 234 1'99 1:15 0:8 0:61 
15 30 1 234 3'36 21 1:67 1'5 
1-9 50 t.c. 234 1:98 12 0:77 0:66 
15 50 0°5 234 4 | 2:05 1:25 0:65 
18 50 1 234 5.94 361 2.3l 1:98 
2 10 t.c. 234 0767 0:58 0:54 0°5 
2 10 0'667 234 0:92 075 0:62 0-51 
2 10 2 234 2.3 1:74 1:62 ID 4 
2 20 t.c. 234 123 | 0726 0:66 | 0:6 
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TABLE 26D—(continued). 


Height to which the liquid is pro- 
Evapora- jected from the tube, ı,. 
Length | tion, w, | Height of 
1 oftube, | per 1sq. [liquid out-| Vacuum. Bore of tube, mm, 
1 m. and | side tube. 80: Fl 80° 97 ROTER 























ungur Height of splash, ,. 
1 Metres. Litres. Metres. mm. Metres. 
| | 
9 0 | 0.667 | 234 | 1-74 | 1-01 | 0.882] 0-77 
2 20 2 234 369| 218 | 198 | 18 
9 30 t.c. 234 177 | 0.8871 0.817] 0797 
2 30 0'667 234 3292| 151 | 115 | 0-88 
2 30 2 234 53 | 266 | 245 | 2-18 
2 50 t.c, 234 la 1-12 | 0.987 
2 50 0:667 234 6 2381| 18 1:51 
2 50 2 234 938 | 45 3:36 | 2:96 
3 10 t.c. 234 es e: en 
3 10 1! 234 1:92 \v = = = 
3 10 3 234 4:05 | Eee Ber 
3 30 t.c. 234 DA u er 
3 20 1 234 37 — | — =: 
3 30 3 234 BT > =. ee 
3 30 t.c. 234 DAS Se we 
3 30 1. 234 6°5 ee a: 
3 30 3 an Pal = 
3 50 t.c. 234 633 ee - 
3 50 il a N ar 
3 50 3 234 1 19 is = 
1 10 t.c. 405 0-373| 0-307| 0267| 0:258 
R 10 0'333 405 0:47 | 0:365| 0:202) 0242 
1 10 1 405 11 092 | 08 | 076 
1 20 t.c. 405 0:62 | 0417| 0-333| 0293 
I 30 0'333 405 1:01 | 0:62 | 0-42 | 0-288 
1 30 | 405 186 | 125, 1 0:88 
1 30 t.c. 405 0:82 | 0:56 | 0417| 0-97 
1 30 0'333 405 1:8 0:882| 0578 045 
1 30 1 405 5.46: -1-68:|, Las) at 
ji 50 2 405 16 0883| 0:6 | 0483 
1 50 0:333 405 3837| 1638| 09 |: 072 
1 50 i 405 4:8 2:66 | 18 | 146 
15 10 t.e. 405 0-64 | 0'487 045 | 0'408 
15 10 0:5 405 1:01 | 0'648 0-45 | 0'392 
15 10 15 405 192 | 146 | 131) 121 
6 30 t.c. 405 1:09 | 0703 056 | 05 
15 20 05 405 1:4 115 | 0722| 055 
15 30 15 405 3:28 | A11| 168| 15 
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TABLE 26D—(continued). 





Height to which the liquid is pro- 
jected from the tube, h.. 


Evapora- 




















Length | tion, w, | Height of 

of tube, | per 1 sq. [liquid out- [| Vacuum. Bore of tube, mm. 
A m. and | side tube. 50 | 8971780 972308 

ZNBUR. Height of splash, h,. 

Metres. Litres. Metres. mm. Metres. 
1'5 30 b.c. 405 1487 1:00 0703| 0:62 
165° 30 0:5 405 32 1:68 1'25 0:62 
195) 30 1105) 405 d 3:04 DM 1:86 
1'5 50 t.c 405 3°07 167 104 | 0° 
1'5 0 0°5 405 12 32 1:74 08 
1075) 50 1'5 405 92 d 312 2:8 
2 10 1.6, 405 0:96 0703| . 0°6 0:56 
2 10 0'667 405 1 Kalk) 0:78 0:72 0:65 
2 10 2 405 2:88 319: 18. 1‘ 4#BB 
2 20 t.C. 405 17. 093 0792| 07083 
2 20 0667 405 2289 1:51 119 086 
2 20 2 405 Se 2:81 2:38 2'113 
2 30 t.6. 405 2:6 1'23 096 0'883 
2 30 0:667 405 d 2:28 1:57 1'25 
2 30 2 405 78 3:61 2:88 2:66 
2 0 50, 405 5°2 2:03 137 1718 
2 50 0667 405 11:5 d 2-81 2.31 
2 50 2 405 15°6 61 47 4:6 
3 10 t.c 405 173 | — — — 
3 10 il 405 2.81 — — — 
3 10 3 405 2 —- — -- 
3 20 t.c. 405 9°27 _ —- 
3 20 1 405 6'16 —— u _ 
3 20 3 405 9:8 — — — 
3 30 0.6, 405 526 — — _— 
3 30 1 405 lt — _ u 
3 30 3 405 15°8 — _— — 
3 50 t.C 405 10 —- — _- 
3 50 1 405 25°3 — — — 
3 0 3 405 32 — — — 
1 10 t.c. 611 066 0487| 0'353| 033 
ni 10 0'333 611 1'25 0703| 045 0:27 
ii 10 1 611 2 1:46 1:06 0:97 
1 20 t.c. 611 141 0793| 0:54 047 
ii 20 0'333 611 3:04 14 0:81 0:68 
1 20 1 611 4:23 2:38 1’63 14 
1 30 t.c. 611 2.4 1:23 0:77 4.002 
ni 30 0333 611 d 2:45 1’26 101 
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TABLE 260—(continued). 
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Height to which the liquid is pro- 








Evapora- jected from the tube, 7ı,. 
Length | tion, w, | Height of - Bea 
of tube, | per 1 sq. [liquid out- | Vacuum. Bore of tube, mm. 

l. m. and | side tube. SE te 

Ahoun. Height of splash, ",. 
Metres. | Litres. Metres. mm. Metres. 

1 30 l 6ll 72 | 30 10028 1:86 
I 50 t.c. 6ll oa rd 1'32 | 1:04 
it 80 0'333 611 12:8 d 2:91. | 1'285 
1 80 il 61] 15°5 72 3:06. 2222 
155 10 t.c. 611 1203| 0:793I| 0°6 0523 
1'5 10 0°5 611 1:46 1'25 0:8 065 
169 10 1'5 om 361 | 2:38 18 1-97 
1'5 20 t.c. 611 ar len 0963| 0'837 
153 20 0°5 611 361 2:81 7 2lea7 1'25 
1'5 20 1-9 611 52: | 498 2:89 2:51 
1:5 30 0.0, 611 0483 24 198,1, „21 
1'5 30 0'5 611 aaa 5) 2:59 1'8 
1°‘ 30 1'5 611 14'5 72 4:14 |. 3°45 
15 80 1.6, 611 10'8 4:83 | 2:73 198 
FO 50 0'5 611 14'5 102 ol 3:87 
15 50 1'5 611 323 14'5 8:3 872 
2 10 13°C, 611 1:92) 0:37) 2055 rar 
2 10 0'667 611 32 7 1:25) 0:69 
2 10 2 611 5:83 2:45 24 2:3 
2 20 16, 611 4.9. | 1:8 1:44 1'238 
2 20 0'667 611 75 4 2:59 1'45 
2 20 2 611 13°5 54 4:32 37 
2 30 xC. 611 SU ro 2,7, br, 
2 30 0:667 6ll 1958 8:5 410 | 2:52 
2 30 2 611 242 78 6°5 on 
2 50 02 611 18°5 6:67 647 3:03 
2 50 0'667 611 46° ikejall 10 dd 
2 50 2 611 39:0, 1 30 1941 Dal 
3 10 t.c one Bl _ — 

3 10 il 611 74 | — — — 

3 10 3 611 1.48 -- — — 

3 20 t.c. 611 883 | — _ — 

3 20 ir 611 212 — — — 

3 20 3 611 26°5 — — _ 

3 30 6 6ll JE7 — — — 

3 30 1 611 42°6 — —- — 

3 30 3 611 öl — — — 

3 50 t.c 611 41 _— — — 
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TABLE 260D—(continued). 





Height to which the liquid is pro- 




















Evapora- jected from the tube, ",. 

Length | tion, w, | Height of 

of tube, | per 1 sq. [liquid out- [| Vacuum. Bore of tube, mm. 
l. m.and | side tube. so 1,80. 77 BOT 2 

EIER Height of splash, ,. 

Metres. Litres. Metres. mm. Metres. 
3 50 l 611 106 — —— = 
3 0 3 ont 125 — — ee 
it 10 t.c. 705 =D 1:04 0:62) 07 
1 10 0.333 1 703 4 1:95 13 080 
1 10 ii 705 DT 312 1:86 1'692 
1 20 1:0, 705 5471| 24 1'26 10% 
} 20 0'333 705 145 52 2:60 1:28 
l 20 1 705 164 12 3°78 32 
Hl: 30 - t.c. 705 10°4 4:27 2:09.17 
' 30 0'338 705 27 9:8 4:1 3:2 
1 30 ]: 705 31.317125 627 5.1 
i) 50 t.c. 705 26:6 | 105 | 245 1 Dr 
1: 50 0383 705 39 26°5 Se) 76 
1 50 1 705 80 81°5 13°3 10-4 
L‘ö 10 0.6. 705 3°5 9-03 1:12 | 1:0 
1'5 100) 0°5 705 76 403 | 1988| 135 
15 10 15 705 10°5 GL 17 88 3 
15 | 20 t.c. 705 | 113 | 51 | 24 | 198 
ig; 20 05 705 29 12 d 320 
1'5 20 103) 705 8381| 158 I 792 5'95 
15 30 t.c. 705 204 883 | 43 38 
1°5 30 0°5 705 55 20 10 6:50 
1'5 30 19 705 61 26°5 136 | 99 
1:9 0 t.c. 705 59 2232 9-26 1.07 
15 50 05 705 156 545 30 15°8 
1'5 50 1'5 705 178 66°5 278 | 22 
2 10 t.c. 705 6 94 | 167 | 157 
2 10 0667 705 12°8 615 3a 12 
2 10 2 705 18 A N 47 
2 20 1167 705 19-6 33) 387] 32 
2 20 0667 | 705 | 45 | 2% a Ei 
2 20 2 705 58 23 146 9-4 
2 30 t.c 705 38:6 | 14 7. 9.4 
2 30 0667 705 101 36°5 1624 2.» 
2 30 2 705 115 49 | 21 ı 16°2 
o) 50 t.c 705 98-5 | 36-3 | 16 117 
2 50 0667 705 281 |100 38 | 28 
2 0 2 705 296 |110 48 | 35 
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TABLE 260—(continued). 





Height to which the liquid is pro- 
Evapora- jected from the tube, h,. 
Length f tion, w, | Height of 
of tube, | per 1 sq. [liquid out- f Vacuum. 





Bore of tube, mm. 











m. and | side tube. 80 2]. 507.) 77807 7100 
lan. Height of splash, ",. 
Metres. Litres. Metres. mm. Metres. 

5 10 x® 705 3 — — — 
3 10 1 = a 
3 10 3 705 39 — — — 
3 20 t.e 705 40 | — — | 
3 20 1 708: 1.106...) 0.1, 
3 20 3 705 120 — — — 
3 30 t.c 705 867 — | — — 
3 30 il 705 225 — — — 
3 30 3 705 260 — — — 
3 50 t.c 705 allayı 1 — — 
3 50 1l 705 605 — — — 
3 50 d 705 638 — — _- 











steam is evolved must be thrown up with the steam; it therefore 
increases the rising volume. It is hardly possible to state how much 
liquid is carried up with the steam ; but occasionally it may be many 
times the volume of the steam. 

The evaporative capacity of the heating surface at the steam 
entrance is much greater than the mean capacity, so that in vacuum 
evaporators with double bottoms and heating coils the liquid is often 
splashed up near the steam entrance to a height as great as in an 
eyaporator heated by vertical tubes. 


C. The Influence of the Current of Steam on Projected Drops. 


In deterinining the height to which the larger masses of liquid are 
projected, we neglected the action of the rising current of steam, 
which can only be slight. The case is different with isolated drops. 
The motion of small drops may be very considerably affected by 
currents of steam., 

The velocity, c, with which the drops are splashed out of the 
evaporating liquid, we shall assume to be equal to that of the larger 
masses, although the explosion of bursting bubbles, in combination 
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with the action of surface tension, may cause greater initial velocities 
in certain cases. 

The initial upward velocity of the drops thrown up from the liquid 
can never be less than that of the current of steam rising in the steam 
space ; it is always somewhat, and may be considerably, greater. 

Cylindrical vessels, in which the liquid is heated by direct fire, 
double bottoms, coils or horizontal tubes, always provide so large a 
section for the escaping current of steam and the rising drops that 
their velocities invariably decrease and become not very different 
from one another. Theratio of the section to the heating surface varies 
in this case from 1:1 to 1:20 (see Table 27). 

But in the case of heaters with vertical tubes, in which the ratio 
of the section, available for the escaping steam, to the heating surface 

is much less, vı2., 1:50 to 1: 100, the initial velocities of the liquid 
_ are very high, occasionally greater than that of the current of steam. 
At the maximum they are perhaps twice as great. 

The highest initial velocities are rarely produced, but when they 
do occur they must be carefully considered. Generally the velocity, 
c, even with apparatus with vertical tubes, will not exceed 4-6 m. per 
second. The velocity of the steam is in this case approximately 4-8 
m. per second. Similarly, in apparatus with coils, double bottoms, 
ete., the veloeities of the drops and steam are fairly equal. 

For this reason, and because, when the velocities ce and v, are 
different, the effect is to cause the drops to rise to a less extent, we 
shall neglect the pressure, P,, which opposes the ascent of the drops 
(for the highest possible rise is alone to be determined), and assume that 
no such pressure is present. Equation (130) may then be written: 


c2 
h, = — —— (139) 
24 (1 £ 22) 
2G 
This equation shows that when the velocity of the current of 
steam is so great that it exerts a pressure, P,, on a drop at rest 
equal to twice the weight of the drop, G, (P, = 2G), the drop is 
carried away with the steam and lost, since the denominator of the 
fraction then becomes = (0. 
If the pressure of the steam, P,, upon the drop = G, .e., is equal 
to its weight, then equation (139) becomes 
c2 
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TABLE 27. 


Velocity of the steam in the steam space of vacuum evaporators, at 
vacua of 0-705 mm., with evaporative capacities of 10-100 kilos. 
per sq. m. and ratios of section of steam space to heating surface 














1 N 
of I to 90 
Section in sq. m. 
Heating surface in sq. m. 
Evapo- | | 
ration ın 1 1 | 1 1 
Vacuum. Rn T | 5 10 | 15 | 50 
m. | | 
Velocity, in metres, of the current of steam in the 
steam space of the vacuum apparatus. 
mm. U 

0 10 0:046 | 0:23 0:46 0:69 0:92 
0 20 0:09 0:46 0:92 1:38 1:83 
0 30 0:14 0:69 1:38 1276 2:75 
0 50 0:23 129 2:30 344 4:59 
0 100 0:46 2:29 4:59 6:88 378 
234 10 0:06 0:32 0:65 OR 1:30 
234 20 0:13 065 1:30 1798 2:60 
234 30 0:19 TE 1599 2:92 3:90 
234 50 0:32 1:62 3:25 4:87 6:50 
234 100 0:65 3:25 650 9:75 13:00 
405 10 0:09 0:47 0:94 141 1:58 
405 20 0:19 0:94 1:88 2:82 376 
405 30 0:28 141 2:82 4:23 5.64 
405 50 0:47 2:35 470 705 9-40 
405 100 0:94 4:70 9:40 4:10 18:80 
610 10 0:21 1:05 2-11 3'16 4:22 
610 20 042 2 4:22 633 8:44 
610 30 0:69 3'16 6'383 9:49 12:66 
610 50 1:05 827 11:05 15:80 21:10 
610 100 2:10 10:50 2111 31:60 4220 
705. 10 0:54 2:70 ö4l Sl 10:82 
705 20 1:08 54 10:82 16°2 21.64 
705 30 1:62 81 16'283 243 32:46 

705 50 2:70 13°5 2705 40°5 541 

705 100 DAR. 27 0 541 811 108-1 
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The drops then rise to twice the height to which they would rise 
in vacuo without the current of steam, i.e., to double the height given 
in Table 26. 

I P, = 3G, then the rise is $ of the theoretical. 


c? 2 4 


77 G ma 
29 (1-5) 


If P, = 36, then the rise is $ of the theoretical. 

These considerations and an examination of Table 26 show that 
the current of steam in all cases somewhat increases the height to 
which large drops rise, but that quite small drops must often be 
carried completely out of the vacuum evaporator, even with steam 
velocities of 5-6 m. per second. It must also be remembered that 
each vessel is closed at the top and has an exit pipe, of smaller section 
than that of the apparatus and in which, therefore, the steam will 
move with a greater velocity than in the steam space of the apparatus. 
Since the eurrents converge towards this exit pipe, they gradually 
acquire a greater velocity in the apparatus itself. 

The lower the pressure of the steam, the greater must be its 
velocity, if equal weights are to flow in equal times through pipes of 
equal bore. If a certain weight of steam, at atmospheric pressure, . 
flows through a pipe of a certain bore with 1 m. velocity, then the 
velocities, in order that the same weight of steam may pass through the 
same pipe, must be 


at 234 405 611 705 mm. vacuum 
1415 2 462 11'84 m. per sec. 


hı 





(140) 


Thus it is seen, that the current of steam in vacuum evaporators 
will carry with it drops the more readily, the lower the pressure, the 
higher the vacuum in it. 

The differences in construction of apparatus, in capacities, sections 
and liquids do not permit us to obtain a single result for the absolute 
height to which liquids and drops rise. But by means of Tables 26 
and 27 this height may be estimated approximately in any separate 
case. It is certain that, in almost all cases, the small drops are in 
real danger of being carried away by the steam, and since they are 
generally formed from valuable liquids, endeavours are made to catch 
them again by artificial means. 
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OT 


D. The Action of the Current of Steam on Projected Bubbles 
of Liquid (Hollow Drops) and Means for Avoiding their 
Loss. 


We have hitherto always assumed that whole drops of liquid, more 
or less large, have been splashed up ; this is, however, not the case 
alone. Under certain conditions with every liquid, and with some 
liquids as a rule, hollow drops (bubbles of steam and liquid) are thrown 
up in every size and in great quantity. These bubbles are projected 
from the liquid with the same velocity, c, as the solid drops, but the 
. ascending current of steam has more action upon them, since with 
equal section they present an equal surface to the pressure, but having 
less weight require a lower pressure to receive the same acceleration. 
When projected with the same velocity as a solid drop into a current 
of steam flowing in the same direction but with lower velocity, the 
hollow drops (bubbles) are more retarded by it than the solid drops 
and hence rise to a lower height. But when projected into a current ot 
steam moving in the same direction with greater velocity, the bubbles 
are carried considerably further than solid drops and may readily be 
removed from the apparatus and lost. 

These steam bubbles, together with the very small drops of liquid, 
constitute the real source of loss in evaporating liquids. 

In order to determine the heights to which these bubbles rise, 
equation (130) may be used: 








inserting, instead of the weight of the solid drop, G, that of the 
bubble, which may be 3, #, etc., of the former. 

It may be seen from this equation how rapidly the height, %,, 
must rise with decreasing weight of the drop, @. Thus a tall 
apparatus always offers some protection against loss by drops and 
even bubbles, but this protection is far from suflicient for the smaller 
solid drops and the lighter bubbles, which must be retained by other 
means. 

Now these steam and foam bubbles may be retained by bringing 
them into a position where they are converted into solid drops, against 
which the eurrent of steam is powerless. Then if the solid drops. 
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formed from the burst bubbles be given a motion in a direction different 
to that of the steam, directed downwards and to the side towards a 
protected space, they can almost all be caught and saved. The froth 
separating apparatus of ©. Heckmann of Berlin, German Patent No. 
70,022, is constructed on these principles and hence works very effi- 
ciently. See Fig. 13 (p. 129). 

In order that the steam bubbles may be converted into solid drops 
it is necessary to let them burst. This is accomplished in this case 
by passing the steam, which leaves the apparatus with the pressure 
prevailing therein, into a space in which there is a somewhat lower. 
pressure. The excess of pressure thus produced in the interior of the 
bubbles causes them to burst. 

The small difference of pressure required to rupture the bubbles 
differs for every liquid, every degree of concentration, and for every 
temperature, and it cannot be exactly estimated d priori for any case. 
Thus it is necessary to arrange this foam separator in such a manner 
that the difference of pressure necessary in each case can be actually 
produced under working conditions, and can be altered when the condi- 
tions alter. 

This adjustability of the foam separator is practically its indis- 
pensable property. Similar arrangements without this property are 
worthless. 

In Table 28 are given the diameters of the central tube and of the 
outer vessel of this foam separator. The central tube should offer as 
little resistance as possible to the passage of the steam ; its diameter is 
‚determined by means of the later Table 32, and with regard to the 
steam velocities there given, since these velocities are so low that 
they create very little resistance even in long tubes. The inclina- 
tion of the reflecting plate is taken as 10° to the horizon ; the diameter 
of the drops to be retained is assumed to be 0'1 mm. or more. The 
section of the annular space between the reflecting plate and the wall 
of the vessel is so determined that the velocity of the steam, obtained 
at the highest antieipated vacuum, may exert a pressure upon drops 
of 0:1 mm. not exceeding twice their weight. Thus, according to 
Table 25, tenfold security is obtained, so that the apparatus must 
retain even considerably smaller drops. By increasing the angle of 
inclination of the reflecting plate and the diameter of the vessel the 
security against loss of drops is increased. 
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TABLE 28. 


The foam separator of Ger. Pat. No. 70,022, Fig. 13 (p. 129), 
diameter of the central pipe and of the outer vessel. 


Vacuum. 





| 1262 | 1937 | 234 


Evaporation 
of water 
per hour. Diameter of the central pipe, R, and of the outer 

vessel, M. 








Kilos. 





50 50 | 295 
100 70 | 230 
150 80 | 263 
200 90 290 
250 100 , 320 
300 125 | 350 
350 | 125 | 368 
400 125 | 385 
500 | 150 | 428 


600 | 150 | 458 
700 150 | 480 
800 175 . 519 
900 175 | 545 
1000 | 200 ' 580 
1500 200 | 675 
2000 225 | 777 
3500 | 250 | 790 
3000 | 275 | 940 


3500 300 1010 
4000 325 1100 
4500 | 325 | 1155 
5000 | 350 1220 
5500 350 | 1270 
6000 375 | 1330 
6500 375 | 1370 
7000 400 , 1420 
7500 400 , 1460 
8000 425 1520 
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TABLE 28—(continued). 


Vacuum. 


























375°6 | 471 | 564 | 610 
Evaporation 5 j 
of water 
per hour. Diameter of the central pipe, R, and of the outer 
vessel, M. 
a | R M R M 

Kilos. | 

50 80 ı 235 | 90 ı 240 | 100 | 245 | 100 | 250 
100 90 | 260 | 100 ı 265 | 125 | 300 | 125 | 310 
150 100 | 295 I 100 | 300 | 125 | 3301 150 | 370 
200 125 | 335 | 125 340 | 150 | 375 | 175 | 405 
250 125 | 360 [1 150 | 385 | 150 | 385 | 175 | 440 
300 125 | 380 | 150 | 405 | 175 | 442 | 200 | 480 
350 150 | 420 1 150 | 415 | 200 | 480 | 200 | 506 
400 150 | 435 | 175 | 435 | 200 ' 500 | 225 | 845 
500 175 | 485 I 175 | 495 | 225 | 555 | 225 | 590 
600 175 | 510 1 200 | 5401 225 | 588 | 950 | 645 
700 200 | 555 | 225 | 575 | 250 | 640 | 275 | 687 
8300 200 ı 585 | 225 | 610 | 250 | 675 | 300 | 730 
900 925 | 627 1250 | 665 1275| 7181 83007 785 
1000 225 | 650 | 250 | 695 ] 300 | 750 | 325] 860 
1500 250 | 780 | 300 | 820 | 350 | 920 | 350 , 980 
2000 300 | 890 I 325 | 969 | 375 | 966 | 400 | 1120 
2500 325 | 1010 | 350 | 1045 | 400 | 1140 | 450 | 1245 
3000 350 | 1090 | 375 | 1140 | 425 | 1240 | 500 | 1355 
3500 350 | 1160 | 400 | 1160 | 450 1330 |.535 ı 1445 
4000 375 | 1240 | 425 | 1215 | 500 | 1420 | 550 | 1550 
4500 400 |, 1320 | 450 | 1275 | 525 1500 | 575 | 1620 
5000 400 , 1380 | 475 | 1460 | 550 | 1575 | 600 | 1710 
5500 425 | 1440 | 500 | 1510 | 550 | 1640 625 | 1790 
6000 450 |, 1505 | 500 | 1570 | 575 ı 1705 | 650 | 1865 
6500 450 | 1555 | 500 | 1620 600 ' 1780 | 650 1930 
7000 475 , 1600 | 525 | 1690 | 600 | 1830 | 675 | 2000 
7500 500 | 1655 | 550 | 1740 | 650 ‚ 1905 700 | 2065 


8000 500 | 1750 | 550 , 1795 | 650 1960 | 700 2130 








HECKMANN’S FOAM SEPARATOR. 159 


TABLE 28—(continued). 


























Vacuum. 
642-5 668 705 
Evaporation 

of water 

per hour. Diameter of the central pipe, R, and of the outer 
vessel, M. 

R M R M R M 
Kilos. 

50 100 273 125 | 290 145 325 
100 125 315 150 | 345 175 390 
150 150 373 175 405 200 450 
200 175 440 200. 1 2355 225 510 
250 200 468 225 | 508 250 875 
300 225 508 225 | 580 275 605 
350 2235 532 250 588 300 650 
400 2235 598 250 605 325 125 
500 250 630 275 | 645 350 790 
600 250 660 I 300 .| 710 | 375 850 
700 230.776 229 \ 790 400 910 
S00 30.127897 350 ı 845 425 965 
900 305 17.830 375 | 885 450 1015 

1000 350 ı 880 400 | 940 450 1050 
1500 400 1036 450 | 1105 500 1250 
2000 450 | 1160 500 , 1255 600 1440 
2500 900 15AN9) IO0 1390 650 1590 
3000 90 1430 600 ı 1510 700 1730 
3500 575 | 1500: | 625. | 1615 | 750 1855 
4000 600 | 1620 650 | 1720 800 1978 
4500 625 | 1708 700 1820 850 2095 
5000 650 | 1800 700°) 21870 850 2180 
5900 675. | ‚1875 750 1960 900 2290 
6000 700 1960 750 | 2060 900 2370 
6500 700 2020 800 | 2150 u 

7000 125 2090 800 | 2220 —_ _ 

7500 750 2155 850 |. 2300 _ _ 

8000 750 2232 850 2370 _ _ 
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E. The Change in the Size of Steam Bubbles in Boiling 
Liquids. 


The movement of a boiling liquid is facilitated by the increase in 
volume, as they rise, of the steam bubbles formed in the lower layers. 
The volume of a small weight of steam produced at the bottom of a 
liquid depends upon the pressure upon it. This pressure is the sum 
of the pressures of the liquid and of the steam or air above it. 

The pressure of the liquid upon unit section of the bubbles is 
proportional to the height of the layer of liquid above the bubble, h, 
and its specific gravity, s,. 

As the bubble rises, the pressure of the steam or air generally 
remains constant, but the height, and thence the pressure, of the layer 
of liquid decreases gradually. T'he bubble therefore increases in volume 
as it rises. 

Table 29 shows the extent of the increase in volume of steam 
bubbles, when they are formed in liquids at various depths and under 
various pressures, and then rise upwards. 












TABLE 329. 


The increase in volume of a steam bubble of 1 cc. capaeity, which is 
formed, in liquids of 1'0, 1'1 and 1'3 specific gravity, at depths of 
250-2000 mm. below the surface and then rises, whilst over the 
liquid there is a vacuum of 0-720 mm. 





Vacuum over the liquid. 
























































































En, OÖ mm. 150 mm. 250 mm. | 500 mm. 650 mm. 720 mm. 
surface 
at which 
the steam Specific gravity of the liquid. 
bubble 
oflce. | 
capacity Iı 11 is] 1 I11!1 En, Bl 1118 1. 14% 1] 1 
was | | 
formed. 
Volume of the bubble when it reaches the surface. 
mm 
| | 
250 03.131073: 1:3511°0811:1811°4 I1°18/1-2911°5311°5 11:65 19 
500 1°0511°1611°8 1:39|1°15/1°2611°4911°341°47|1°74|1°95 2142-54 
750 1'0811°1811° 1-44[1°2311°35/11°6 f15311°6811°99[2°45,2:6913 I 
1000 al Neon I11-4911°3 |1°43]1°6941°7 |1°872°21 292321 37 
1500 1-15j1°27|1° 3711.6211-44|11°5811:87P2°05,2°25|2:6613 884261504 
2000 1:2 |1-321-5€ -43 1:691°61/1:7712:092°2 2422-8614 °85,5°33/6°31] 
| 




















CHAPTER XVI. 


THE DIAMETER OF PIPES FOR CONVEYING STEAM, 
ALCOHOL VAPOUR AND AIR. 


A. For Steam. 


THE pipes, through which gases and vapours are conducted, are made: 
as narrow as is possible without ill effects, since narrow pipes are. 
cheaper, lighter and more convenient. Thus itis necessary to ascertain 
the least diameter which the pipes may be given in any particular case. 

Generally it is required to convey the gases or vapours through 
the pipes with a very small fall in pressure between inlet and outlet; 
the permissible extent of this fall limits the dimensions of the pipes. 

The loss in pressure, which vapours undergo in pipes, depends on 
their diameter and length, on the density of the vapour and, in parti- 
cular, on the velocity with which the movement takes place. 


Let d = the diameter of the pipe in metres, 
i = the length Ir m 
() = the section e in sq. metres, 
v„ and v, = the velocities with which steam and air respectively move 
in the pipe, in metres per second, 
the loss of pressure, in metres of water, which the air or 
steam respectively suffers between inlet and outlet, 


2, and 2, 


y. and y, = the weight of 1 cub. m. of steam or air respectively, in 
kilos. 


Two formul& are known for determining the loss in pressure :— 


1. The formula of ‘Gustav Schmidt, 


7851 1 
A, = 100q! (5 Ar a)” BE ee (141) 


applicable to air and tubes of 150-200 mm. bore. 
ul 
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2. The formula of Gutermuth and Fischer, applicable to steam in 
tubes of 70-300 mm. bore and veloeities below 20 m. per second :— 


1521007 


Zu > os ta 700 R } i : : R (142) 
or > 
0.0015 1, 
Zar 1000 de nn Da. Er (143) 


Unfortunately these two formul® do not give the same result for 
the same conditions; if that were the case, then, when I,d,yand® 
were the same, z, would equal z,. However, if z, be put equal to z,, 
and the equation transformed, it will be seen that both the formuls# 


give the same result for a pipe of diameter d = 0'07 m., and different 
results in all other cases. 





TE, R 3 _15x10_1 
Im? +7 15 "m 
Herd. 
15x 10 - 785 x5 
R) > = 0:07 m. 


"15x18 -75x5 


The results obtained by Schmidt’s formula (Dingl. polyt. Journal, 
1880, September) are always much lower than those given by Fischer’s 
formula (Zeits. d. V. d. Ing., 1887, pp. 718, 749). On this account the 
second formula must be used by preference in doubtful cases, which 
conclusion is strengthened by the valuable researches conducted and 
described by Gutermuth and others, which have shown that the 
values obtained by Fischer’s formula correspond very closely with 
the reality. The equation of Fischer and Gutermuth is found to be 
correct for pipes of 70 - 300 mm. diameter and velocities below 20 m. 
per second ; but, in default of any other, this formula must for the 
present be used for pipes of other bores and for other veloeities. 

Table 30 has been calculated according to the formula (143) of 
Fischer, in order to obtain an idea of the extent of the resistance 
under various conditions, and in fact only in order to obtain a synopsis 
of these resistances. For the sake of comparison and to illustrate what 
has been said above in regard to the two formul&, the results (which 
are not used) of Schmidt’s equation are inserted for some cases. In 
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Table 30, a length of pipe of 20 m. is assumed, and the resistance is 
measured in metres of the water column. It will be seen, what the 
formula also expresses, how rapidly the resistance increases with 
the velocity, and how considerably it increases under high pressure, 
i.e., with steam and air of high densities. 

The important question for practical purpose is: how wide must 
a pipe be made for any definite case? This question will ab once be 
answered. Since, however, not only the bore of pipes for steam, but 
also for alcohol vapour and air, is required, these substances will be 
treated at the same time. 

Through a tube of given section in a given time much or little 
steam or air may be sent; the quantity depends on the velocity with 
which the substance moves through the tube. But a high velocity 
requires also a large difference in pressure between the inlet and outlet 
of the pipe. In many cases the pressure applied at the inlet of the 
pipe is desired to be transmitted as completely as possible to the other 
end, in other cases it is undesirable that the pressure at the inlet should 
appreciably exceed the low pressure produced at the outlet, thus the 
difference in pressure between the inlet and outlet is generally regarded 
as loss of pressure. On the other hand too low velocities require wide 
and costly pipes, therefore some difference of pressure is arbitrarily 
chosen and the bore of the pipes determined on this assumption. 

The steam pressures used in practice vary within very wide limits 
—20 atmos. to 0:05 atmos. Thus a constant loss of pressure cannot 
well be assumed for all cases. It is desirable to assume the loss 
of pressure as a percentage of the original pressure. If at one 
end of a pipe there is an absolute pressure of 50 mm. (710 mm. 
vacuum), then a loss of pressure of 10 mm. of mercury at the other 
end is quite sensible ; but if there is a pressure of 4,500 mm. (5 
atmos.) at one end, then 20 - 50 mm. can well be spared for the 
transmission of the steam through the pipe. 

Since it is thus decided to devote a certain percentage of the original 
pressure to the transmission of the steam through the pipe, and since, 
if this percentage is fixed, the formula (143) at once gives the velocity 
and thence the weight of steam passing through the pipe in unit 
time, the equation (143) may more conveniently be written: 


1000z,d 


= 000150 I 


164 EVAPORATING AND CONDENSING APPARATUS. 


TABLE 30. 


The loss of pressure, z, in metres of water, experienced by steam in 
and 50 m., according to Schmidt ($) 


Absolute pressure, 





atmos. - - 3 1°5 0:75 
Absolute pressure, 
mm. - - 2280 1140 5667 
Vacuum, mm. - - — 210 
Bore Velo- 
of pipe, eity, S F Ss F Ss MR 
d. Va. 








0:05 20 105826 | 0:4086 — E_ > ö 
30 1:3110 | 0:9194 _— —. = es 
50 13:6411 | 2:5540 
0:07 20 102947 | 0:2918 
30 1 0:6632 | 0:6566 
80 1:8423 | 1'8240 
0:150 20 10:0831 | 0:1319 

30 10:1871 | 0:3064 

50 105197 | 08542 
0300 20 100297 | 0:0681 


1536 | 0:1521 — — 
3456 | 0:3423 — n—_— 
9600 | 0:9510 — — 
0433 | 0:0709 | 0:0224 | 0:0368 
0:1607 | 0:0548 | 0:0827 
2708 | 0:4437 | 0:1402 | 0:2297 
0152 | 0:0355 | 0:0091 | 0:0184 
30  10:0669 | 0:1531 0348 | 0:0796 | 00180 | 00414 
50  10:1860 | 0:4256 | 0:0967 | 02218 | 0:0501 | 0:1149 
0500 20 — — — —  10'0040 | 0:0111 
30 — — — — [| 0'0091 | 0:0248 
50 — — — — 100253 | 0:0689 
0700 20 — — — — — — 
30 — — — — Zu = 
80 — — — — = == 
0900 20 — — — — — —— 
30 — — — — — — 
D0 — — — .— — _- 





sosooooo.o 
oO 
Je) 
-] 
or 











The weight of steam, D, passing through the pipe in one hour 
is then 


2 ’ 
D = 0.7 3600 se ee 


whence the section of the pipe may be found. 
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TABLE 30, 


pipes of 0:05-0:90 m. diameter and 20 m. long, at velocities of 20, 30 
and Fischer and Gutermuth (F). 























0:5 0:25 0:15 0:072 
3546 195°5 1hulrfS5) 54:9 
406 564 °5 643 705 
S F S F S F S F 
0:0030 | 0:0239 | 0:0034 | 0:0135 | 00020 | 0:0084 — — 
0:0069 | 0:0537 1 0:0078 | 0:0304 | 0:0046 | 0:0189 _ — 
0:0190 | 0:1493 | 0:0225 | 0:0845 | 0:0126 | 0:0526 _ — 
0:0052 | 0:0118 | 0:0022 | 0:0068 | 0:0013 | 0:0043 | 0:0008 | 0:0020 
0:0116 | 0:0266 | 0:0049 | 0:0152 | 0:0029 | 0:0095 | 0:0018 | 0:0046 
0:0322 | 0:0739 | 0:0136 | 0:0423 | 0:0080 | 0:0263 | 0:0050 | 0:0128 
0:0026 |, 0:0071 [| 0:0014 | 0:0041 | 0:0008 | 0:0025 | 0:0003 | 0:0012 
0:0058 | 0:0159 | 0:0032 | 0:0091 | 0:0019 | 0:0057 | 00010 | 0:0028 
0:0162 | 0:0444 | 0:0089 | 0:0253 | 0°0053 | 0:0158 | 0:0028 | 0:0077 
— — — — — —  10:0003 | 00012 
— —— m — _ —  10:0007 | 0:0019 
— = = — — — 100018 | 0:0055 
— _ -- — _ — 10:0002 | 0:0068 
— -— —— — — — 10:0005 | 0:0015 
— — ze — — —  10:0014 | 0:0043 








For pipes of equal diameter, d, and equal length, /, the velocity 


of the steam alters only in proportion to the quotient Ri =e, dor 
Ya 
10004 \e 
Va > 0:00131 Ya un (146) 
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If the resistance, 2,, be expressed in percentages of the original 
pressure (in metres of water), it may be seen that u, gives the same 
figure ewactly for all pressures of air and PER: for all 
pressures of steam. The factor = then remains unaltered for any 


one particular gas or vapour. For in the case of air, which is generally 
used far from its point of liquefaction, the weight of 1 cub. m. is pro- 
portional to the pressure: 1 cub. m. at a double pressure has double 
the weight. But with saturated steam the alteration is only approxi- 
mate: saturated steam of double the pressure has only almost double 
the weight. This approximation is tolerably considerable, but may 
be regarded as sufficient for the present purpose, as the following 
figures show :— 


Steam pressure .- 92 186 750 1490 2350 mm. 
In the proportion - 1. 2. ne een 
Weight of 1 cub. m. 

of steam - - 00822 0'162 0'600 1:5 1'735 kilos. 
In the proportion - a ea en. 


Thus if it is once fixed how much per cent. of the available 
pressure is to beexpended in producing the veloeity of the steam, there 
is found (for equal lengths and with the above-mentioned inaceuracy) 
for a pipe of each diameter a steam veloeity peculiar to it and the 
same for all pressures. 

After we have obtained from Table 30 a view of the loss of 
pressure, which is to be expected with pipes of various diameters, and 
at different tensions and velocities, we then assume for Table 31 a per- 
missible loss of 0-5 per cent. of the available pressure. The length of 
the pipe is taken at 20 m., and then, by means of equation (146), the 
resulting veloeities are caleulated. In Table 32 are next arranged 
the weights of steam at different pressures, which pass with these 
velocities through pipes of 20 - 900 mm. diameter in one hour. 

Example.— Steam at atmospheric pressure (weight of1l cub. m., ya=0'6059 kilo.) 


passes through a pipe of O‘1 m. diameter and 20 m. long. The loss in pressure is 
0-5 





0:5 per cent., i.e., 24 = 55 10 = 0-05. The velocity is then 
100. x 04 ER un 4 
a = Zr 2 == in R 5 d. 
ee SEEN ee 





The weight of steam, which passes through the pipe in one hour, is 


.1\2 . 
D = 16:6 x 0.0059 OFF 3600 = 975 Kilos. 
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Mipın al, 


Velocity of steam in pipes of 0'025-0°9 m. diameter and 20 m. long, 
at absolute pressures of 4560-54°91 mm., for a 0°5 per cent. loss 
of pressure. 


Absolute | 4560 | 1590 | 760 | 6387 | 5667 | 1955 | 54-9 mm. 
steam = ER 
pressure 








Atmospheres. | Vacuum. 
6 | 2 | il 126-2 1934 | Al 705 mm. 


3:2632 | 1:1631 | 06059 | 051105 0-45766 | 0-2442 |0-05119 kilos. 








| | en 
00908 | 0:0836 | 0:0815 | 0:0822 | 0.0801 | 0:0768 | 006971 
| 














Bore of the 


pipe, d Velocity of the steam in the pipe in m. per second. 





0:025 | 8:38 | 
0:030 | 9:18 | 
0:035 9:67 
0:040 10:61 
0:045 11:04 
0:050 1185 
0:060 129 
0:070 13:38 
0:080 14-87 
0:090 15:87 | 


0:100 16:70 | 
0'125 18-61 | 
0:150 20:43 | 
0'175 | 
0:200 
0225 
0:250 
0:300 
0:350 
0°400 


0450 
0:500 
0550 
0:600 
0.650 
0700 
0750 
0800 
0'850 
0900 


























168 EVAPORATING AND CONDENSING APPARATUS. 


TABLE 32. 


The weight of steam, D, in kilos., which passes in one hour through 
i abs. to 705'09 mm. vacuum, with 


Abs. pressure, atmos. 6 B) 4 3 2 15 1 
„ mm. mercury | 4560 | 3800 | 3040 | 2280 | 1520 | 1140 760 
Vacuum, * _— _ n_ — _ - — 



































Velocity of 
Bore of | the steam 
the steam | in the pipe, = Weight of steam, D, in kilos., which passes 
pipe, d. | m. per sec. 
mm. 14 
25 8:5 
30 90 
30 9:5 
40 10°5 
45 2.10 
50 41°5 
60 13 
70 14 
80 14'5 
90 15 
. 100 15°5 
125 17 
150 18°5 
175 20 
200 215 
225 23 
250 24 
300 26°5 
350 28'5 
400 | 305 
450 325 
00 34 
590 358 
600 37°5 
650 38'5 
700 40°5 
750 41°5 
800 43 
350 445 


900 46 





pi. 
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TABLE 32, 


pipes of 25-900 mm. diameter and 20 m. long, at pressures of 6 atmos. 
0:5 per cent. loss of pressure. 


0:834 | 0:746 | 070 0°5 0.370. | 0257 | 0-1957|.04155 17.0127 70072 
6637 | 5667 | 5254 384 288.5 | 195°5 | 148°8 | 11748 | 91-98 | 54-91 
126-2 | 1937 234 3756 471 5645 | 6112 | 642°5 668 705 





through the pipe in one hour, with 05 per cent. loss of pressure. 





133 | 1200| — — 
ion 106, 147, 109 4 — — — - — 
224 | 200) 188| 140, 107 72 87 46 37| 22:5 
403| 363 | 337 | 252| 189| 133) 103 83 66 40 
898 537 | 501| 374| 285| 197| 154| 123 98 | 60 
888 | 797| 7389| 554 | 4292| 293| 2296| 183| 144| 89 





1242 | 1118| 1040 | 777| 594| 411|. 318) 255| 202| 124 
1678 | 1508 | 1407 | 1048| 802 | 555 | 4831| 345| 274| 161 
2163 | 1946 | 1812 | 1353 | 1034 | 716 | 554| 643| 8353| 216 
3447 | 3099 | 2888 | 2155 | 1647 | 1140 | 886 | 709| 563 | 345 
5034 | 4536 | 4226 | 3154 | 2408 | 1668 | 1293 | 1038| 823 | 505 
7047 | 6338 | 5906 | 4407 | 3367 | 2332 | 1691 | 1450 | 1075 | 706 
9508 | 8551 | 7963 | 5935 | 4540 | 3144 | 2438| 1955 | 1550 | 950 
12279 111044 110290 | 7679 | 5868 | 4063 |, 3150 | 2527 | 2001 | 1223 





— 13896 112957 | 9679 | 7403 | 5137 | 3978 | 3188 | 2529 | 1550 
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TABLE 33. 
The velocities of mixtures of alcohol and water vapours, in pipes of 
loss of 
Alcohol-wat e : Weight of : i 
cohol-water vapour. Weight eh Diameter, 
on 2 Nor alcohol: 
| of air at | water va- 
Alcohol, | the tem- 3 40 50 60 
iR _ [pour at the | 
per cent. | Tempera-| Hansit perature |" mnera- 
by LUES n ia. ka ta 
weight. | ü Veloeities, 
| ta OA Kilos. Kilos. 
0 100 0'623 1'041 0:648 11176 |13:11|14'35 
5) 99:5 0.643 1'043 0:670 111°50 12-82 | 14:08 
10 99 ı 0'664 1'044 0:693 111:34 | 12:64 | 13:89 


au. 9096 0686 1'045 0715 111:18 | 1246 | 13:69 
20 98:3 0709 1'046 0:742 11094 |12:19 | 13-30. 


25 98 ı 0'735 1'047 0768 [10:82 |12:06 |13'25 
30 922 | 0763 1'049 0799 [1053714179 232 
35 96'3 0:792 1'052 0'833 110°34 | 11:50 | 12:66 
40 95 ı 0'824 1'056 0870 10:12 1128| 1236 
45 938 | 0'859 1:059 0:909 9-92 |11'06 |12'12 








560 | 924 | 0:89 1:060 0.950 9:68 | 10:77 | 1184 
Dr 7790) 30987 1'067 0:999 9-42 10:50 | 11:53 
60 895 | 0'981 1071 1:050 9-22 10:28 | 11:29 





65 | 878 | 1.081 1:076 1'109 | 8°98| 10:00 11:00 
70. | 868 | 1:088 1:081 1176 I 872| 9-72|10-68 
5 | 845 | 1148 1:086 1'247 | 8-48| 9-45 | 10-83 
Ser 1a 1'092 1'326 | 8-20 | 9:14 | 10:00 
665 | 805 | 199 1:098 1418 | 7:92| 8-83| 9-70 
90 nor 2 ,PET8 1'103 1520 | 7:66| 8-54| 9-38 
95 78-7 | 1'479 1'104 1632 | 742] 8-27 | 9-08 
100 784 1'593 1'105 1750 | 714 | 7°96| 874 








Pipes for steam of very low pressure (vacuum) are rarely longer 
than 20 m. Steam pipes for higher tensions are generally of much 
greater length. If the pipe is not 20 m. long, but has another length, 
/,, the weight of steam, which passes through in one hour, is then 
found by multiplying the weight given in Table 32 by the factor 


N. 
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TABLE 933. 


40-250 mm. bore and 3 m. long, at a pressure of 1:1 atnaos. abs. and 
0:1 per cent. pressure. 





d, of the pipe in mm. 





| | | | 
m || m a am | urn | m | am 


250 








va, of the alcohol-water vapour in m. per second. 








15:29 | 16°36 | 17:60 | 18:58 | 20:58 | 22:93 | 24:69 | 26:28 | 27:90 | 29-4 
14:95 16:10 |17°20 | 18:17 | 20:13 | 22:42 | 24:15 | 25°85 | 2731 | 28:74 
14:74 |15°:87 11701 |17'91 | 19-84 | 22:11 | 23:81 | 25°34 | 26:93 | 28:35 
14:53 | 15:65 16:77 17:66 19:56 | 21°80 | 23:47 | 2496 | 26:55 | 2795 
14:22 |15°31 |16°41 | 1728| 19:15 | 21°34 | 22:97 | 2445 | 25°98 | 2735 


14:06 | 15:14 |16°23 | 17:09 .18°95 | 21:10 | 22:72 | 2419 | 25:69 | 27:05 |. 
13:75 | 1481 |15°87 | 16°71 | 18:51 | 20:63 | 22:21 | 23:64 | 25:13 | 26°45 
13:44 | 14:47 1551 | 16°34 | 18:10 | 20:16 | 21:72 | 23:10 | 24:56 | 25°85 
13:1 |14:17|15'18 | 15°99 | 17-71 | 19-74 | 21-25 | 22-61 |24°13 | 25°30 
12-89 | 13-89 | 1488| 15°67 | 1736 | 1934 | 20-80 | 22:17 | 23:56 | 24°80 





12-57 |13:54 | 14:52 | 15:26 | 16°90 | 18°84 | 20:28 | 21:59 | 2294 | 24:15 
12-24 |13:18 1412 | 14'88 |16°48 18-37 | 19:78 | 21:05 | 22:37 | 23:78 
11:98|12-81 | 13-83 | 14-56 |16°13 | 1798 | 19°36 | 20:60 | 21:89 | 23:05 
11:67 | 12-57 | 13:47 | 14:17 |15°71 | 1751 | 18°85 | 20:07 | 21:33 | 2245 
11:33 |12:21 | 13:08 | 13:77 |15°26 | 17 18-31 | 19-49 | 20:71 | 21:80 


0 er | 12:72 | 13-89) 14-84 | 16-53 | 17°80: | 18:75 | 20:14 | 2220 
10:66 |111:48| 12:3 |12-95 | 1435 |16 1722 |18-32 | 1947 | 20:50 
10:29 |11:09| 1188| 12-55! 13°86 | 15-46 | 16:63 | 17:70 | 18:81 | 19:80 
9-96 [10-72 | 11-49 | 12-10 | 13-40 | 14°96 | 16:10 [17:12 |18:19 | 19-15 | 
9:65 | 10:39 | 11-13 | 11:72 | 12-88 | 1447 | 15°58 |16°58 | 1762 | 18:75 





























9-28 |10:00|10:71|11-28 | 12-54 |13-92 |15 |15°96 [16:96 | 17:85 





If some other loss of pressure, 2, (not 0:5 per cent.), is assumed in 
the pipe, then, in order to correct Table 32, the weight of steam there 


given must be multiplied by v5 in which expression 2, is to be 


inserted as a percentage. 


Example. —If there be 1 per cent. loss of pressure, 2*=1; if 5 per cent., 2a=5.. 
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In order to obtain the weights of steam for the length, /,, and the 
loss of pressure, z,, the weights in Table 32 must be multiplied by 


an 
| in. 
Since, in practice, the weight and the original pressure of the steam 
to be passed through a pipe in one hour are generally known, the 
necessary diameter of the pipe can be found in Table 32, 34 or 35 


(for lengths of 20 m. and a loss of pressure of 0:5 per cent.). For 
‚other lengths and other losses of pressure equation (148) must be used. 











B. For Mixtures of Alcohol and Water Vapours. 


Table 34 gives the weights of mixtures of the vapours of alcohol 
and water, which can be conducted in one hour through pipes of 
different diameters without considerable loss of pressure. In calculat- 
ing this table it was assumed that the same formuls® hold good for this 
mixture of vapours as for pure water vapour. But since such vapours 
are taken as a rule only through short connecting pipes between the 
different parts of rectifying and distilling apparatus, and since the 
pressure in such apparatus is always kept as low as possible, a pipe 
3 m. long and a loss of pressure of 10 mm. of water (2 = 0'0l) were 
taken as the basis of the table. 

In the apparatus mentioned the pressure is generally about 1'1 
‚atmos. absolute, thus the value for p to be introduced into the 
caleulation is 10,336 + 1033 = 11,369. 

The alcohol-water vapours may have any desired composition, the 
mixtures vary from 1-99:8 per cent. of alcohol by weight. Each of 
these mixtures has a different specifie gravity and boiling point, there- 
fore it was necessary to determine for each the weight of 1 cub. m. at 
its temperature and at atmospheric pressure. 

The temperatures of the various mixtures of vapour of alcohol and 
water at atmospheric pressure are known; their densities were taken 
from a paper published by the author. Thus the weight of 1 cub. m. 
of air at a pressure of 1'1 atmos. and at the temperature of each. of 
the mixtures of vapour (caleulated at intervals of 5 per cent.), multi- 
plied by the density of the corresponding mixture of alcohol and 
water vapours, gives the trüe weight of 1 cub. m. of alcohol-water 
vapour at a pressure of 1'1 atmos. absolute. 
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By means of equation (144) 


_  o00z.d 
Pu 0-0015l,, ne 2 ü A - (149) 


by inserting the values: != 3, z,= 0'01, y, = 0'648 to 1:75, d = 0:04 
to 025, the corresponding velocities of these vapours in pipes of 
40-250 mm. bore were found. The results of these calculations are 
arranged in Table 33. 

From the velocities and the densities of the particular mixture of 
alcohol and water vapours, (Table 33) were then readily obtained the 
weights which pass, at a pressure of 1'1 atmos. abs. and with a loss 
in pressure of z,= 0:01 m. of water, through pipes 3 m. long of 
various bores. The results are given in Table 34. 


02 Bor Air. 


The loss of pressure of rarefied air in moderately long tubes has 
not, to the author’s knowledge, been investigated. On the other 
hand, there have been the following researches on the loss of pressure 
of compressed air in long pipes :— 

1. Chief Engineer H. Stockalper at the St. Gotthardt tunnel 
(1880), with pipes of 200 mm. bore and 4500 m. length, and 150 mm. 
bore and 542 m. length. Air pressure, 3°6-5°4 atmos. abs. Velocity, 
4-7-11'3 m. 

2. Prof. A. Devillez and Engineers Cornet and Mahiva at the 
Colliery Levant du Flenu (1881), with pipes of 125 mm. bore and 
981 m. long, and 73 mm. bore and 172 m. long. Air pressure, 3°3- 
03 atmos. abs. Velocity, 2-12:2 m. 

3. Profs. Gutermuth and Riedler at the compressed air installation 
in Paris (1890), with pipes of 300 mm. diameter and 16,502, 8759, 
4403 and 3340 m. long. Air pressure, 62-8 atmos. abs. Velocity, 
2'7-8°6 m. 

4. Prof. H. Lorenz at the compressed air installation at Offenbach- 
on-Maine, on 17th January, 1892, with pipes of 100 mm. bore and 
299 m. long. Air pressure, 67 atmos. abs. Velocity, 7'8-9'3 m. 

Riedler and Gutermuth gave for the loss of pressure (z, in kilos. 
per sq. cm.), as the result of their experiments, 


533.46. 
2, = 100 / d V . . . . . . . (150) 


pr 2. 100 
Be a REN 
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TABLE 34. 


The weight of mixtures of alcohol and water vapours, in kilos., which 
at 1'1 atmos. absolute pressure with 0'1 per 


Diameter, d,'of the pipe in mm. 
Alcohol 
vapour, 








per cent. / 50 60 | ar ® 2 
by | | 
weight. N 





Weight in kilos. of the mixture of alcohol and 











57:7 93 134 191 358 
58-3 94 137 194 261 
59-6 96 139 197 2367 
60:5 97 141 201 272 
614 101 145 204 976 
62:9 102 148 209 982 
63-9 103 151 213 388 
652 105 153 317 393 
66:6 108 156 222 300 
68 110 161 227 307 
69:5 NE: 163 931 311 
714 115 167 337 320 
73-4 119 173 242 330 
754 122 177 350 339 
775 126 181 257 357 
80 130 188 966 359 
827 133 192 273 368 
85-1 138 198 982 378 
88:8 143 207 292 396 
92-2 148 915 304 410 
94:8 154 293 317 425 














For a loss of pressure of 0'5 per cent. in pipes 20 m. long, the 
permissible air velocities would be, according to this equation, in 
pipes of the 


Bore 50 60 70 80 90 100 135 mm. 
v 138 148 16 1726 1817 19'338 221 m. per sec. 





THE DIAMETER OF AIR PIPES. 175 


TABLE 34. 


passes in one hour through pipes of 40-250 mm. bore and 3 m. long, 
cent. loss in pressure (10 mm. of water). 





Diameter, d, of the pipe in mm. 











100 5 | 150 1m | 000 250 

| | 

water vapours which passes through the pipe in one hour. 
336 587 940 1385 2045 | 2674 | 3394 
340 594 950 1393 2077 2680 | 3402 
347 606 970 1429 2109 2688 | 3470 
356 617 986 1449 2134 2714 | 3528 


359 627 1000 1472 2145 2756 | 3585 


367 643 1025 1510 2178 2817 3670 
374 653 1043 1535 2184 2869 3733 
378 666 1061 1564 2198 2922 3802 
389 681 1081 1600 2223 2993 | 3889 
399 693 ua! 1636 2276 3060 3985 


405 | 707 1156 1668 2317 3117 4052 
417 727 1218 1714 2378 3199 4195 
428 | 746 1251 1757 2444 3286 4275 
440 767 1287 1809 2509 3381 4397 


453 789 1326 1860 2576 3481 4505 


467 816 1365 1913 2648 3983 4629 
480 836 1400 1963 2721 3691 4770 
498 868 1445 2030 2890 3813 4965 
5l4 390 1509 2208 2940 3952 öl4l 
524 924 1558 2230 3050 4111 5400 





554 970 1697 2286 3173 4228 | 5550 




















Bore 150 175 200 225) 2350 300 mm. 
DM 941 26.19 2725 28-61 3029 3331 m. per sec. 


Professor H. Lorenz, who published a re-caleulation of the older 
researches and of his own in the Zeits. d. V. d. I., 1892, pp. 621 and 
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TABLE 35. 


The weight of air, Z (at 15° C.), which passes in one hour through 
pipes of 40-350 mm. diameter and 20 m. long at vacua of 0-740 
mm. and 0'5 per cent. loss of pressure. 








\ 
Absolute pressure of the air in mm. 




















































15202760 190 | 150 | 120 110 55 35 20 
: Velocity } 
Dis- of the 
rege air in Vacuum in mm. 
of tb n the 
ei; ’ pıpe, | | | 
vi. ll Solo | 610 | 640 | 650 | 705 | 725 | 740 











Weight of air, Z,in kilos., which passes through the 
pipe in one hour. 





83 90 45 | 114 9-2 74 627 33 21 77 
9-2 154 7 20 157) 12:5| 105 57 Sf 2 
0:2 272 | 136 35 27.5| 22 20 10 6.4 3° 
14 380 | 190 | 48 37:5) 30 28 14 9 5° 
2:8 556 | 278 | 70 562 '£& 
3-8 166 | »88 | 98 764 10° 












£ 26:6 110788 5394 |1368 ‚1080 864 | 802 | 400 | 252 | 144 
300 30 18394 | 9197 12337 |1840 11470 |1350 | 674 | 430 | 246 
350 370 








33 127574 113772 |3515 12750 12200 12090 |1040 is 





835, was led to the following empirical formula, which gives results 
in excellent agreement with all the experiments quoted :— 





= ar ak U 
whence Pr 
= Al ae. 
“ Na 2 36 


If z, be expressed as a percentage, x, of p,, then 2, = . P„ and 


I. 





Be berg RB En 
9 = 47,8.273.1 N 1008. 273.1 
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In this equation, if p, denotes the absolute pressure at the beginning, 


p, ab the end, then »,, ran = the mean absolute pressure ; 


2, = Pa — P. = the loss of pressure in kilos. per sq. m. Tis the mean 
absolute temperature of the air; / the length of the pipe in m. ; v, the 
velocity of the air; d the diameter of the pipe in mm.; ßis a factor 
dependent on the diameter of the pipe. 

0:52 


Be= 1130933 


(155) 


The values of ß, according to Lorenz, caleulated for pipes of 
various diameters, are :— 


Diameter, d = 80 75 100 125 150 
ß = 0:003103 0001824 0001257 0:000934 0:000736: 
Diameter, d= 175 200 250 300 350 


ß = 0:000601 00005004 0:000377 0:000297 0:000243: 


Equation (154) gives, for the same loss of pressure, a somewhat, 
lower velocity of the air as permissible than equation (151). In the 
want of decisive experiments we shall assume that equation (154) 
also holds good for air-pipes in which there is a considerably lower 
pressure than the atmospheric. Table 35 has therefore been calcu- 
lated by means of it; it gives the weight of air, Z, passing in one 
hour through pipes of 50-300 mm. diameter and 20 m. long, with 
0:5 per cent. loss of pressure. 

The results of the present chapter may be briefly, though some- 
what inaccurately, expressed, for the most ordinary cases, as 
follows :— 


The tubes for the evaporation of 100 kilos. of water per hour En 
be given the following sections :— 


For the supply of heating steam at 3°00 atmos. abs. 2°5-3 sq. cm. 


A “ ” 1:25 5, 1-12 5% 

For exhaust steam at 1'00 atmos. abs. - - 6-12 „ 
„ ; 125 mm. vacuum - - 8-16 ,, 

ei FR 250 5 - - 10-20 ,, 

5 700 is - - 60-100 „, 

For Schanstsd air at 700 R - - 1-4 ,, 


CHAPTER XVIII. 
THE DIAMETER OF WATER PIPES. 


TAE quantity of water, which can flow in a definite time through a 
system of pipes, depends upon the pressure which produces the 
movement and on the hindrances (bends, branches, constrictions, 
roughnesses of wall) which obstruct the flow in the pipe. 

It may be assumed that (apart from pumps, pressure and suction 
pipes, which are not considered here) the pressure, which causes the 
motion of the water, is provided either alone by a water-vessel placed. 
at a high level, in which case the pressure may be that of a column 
of water 05-15 m. high, or alone by a vacuum condenser, in which 
case the pressure is equal to the vacuum measured in metres of 
water minus the height from the point at which the water enters the 
condenser to the water level. Since the vacuum in the condenser 
is always lower than the theoretical, the pressure just mentioned 
(even assuming that the water level is at the height at which the 
water enters the condenser) is at most 10 m. in practice. 

Finally, the pressure causing the flow of water may be due to a 
water vessel at a high level and to the vacuum in the condenser. In 
this case the maximum pressure of 10 +15=25 m. is rarely 
exceeded. | 

We shall now determine the quantities of water which can flow in 
one hour through pipes of various diameters with heads of 0'5-25 
m. of water. It is necessary to calculate in each case the actual 
velocity, v,, with which the water moves. 


Let v, = the veloecity of the water in m. per second. 
h, = the total available pressure in m. of water. 


w 
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Then the velocity theoretically produced at the end of the pipe is 


vo, = N2gh, ey) 
or DE 
ne % en 


This theoretical velocity is never attained, since in every system of 
pipes there are several conditions (resistances) which retard the flow 
of the water. We may assume that of the total available head or 
pressure of water, h,, portions, h,, A,, h,, ete., must be used to over- 
come each of these resistances. These heads are therefore known as 
‘““heads of resistance”. Each of these pressures, h,, h,, h,, would (if 
there were no resistance to overcome) impart to the water a corres- 
ponding velocity, %,, d,, v,, so that, if v, be the velocity actually 
attained and h the head of water theoretically necessary to produce 
this velocity, the total available pressure, ,,=h+h+h,+hz;,+ 


-.,, would produce the velocity, 9, +09, +9, +%+..., 1b, 
mW hrh Kae SL Mer Ser 
SS a ara (158) 


Now h,, h,, h, may be written as fractions of the height, h, then 
eh+ oh Köh+.Lch ES 


in which / is the head theoretically necessary to produce the actually 
attained velocity, v,. 
&, &, &, are known as the coeflicients of resistance. 


D 


. v2 
Sinee h = —, therefore 
( 





29 | 
j/ =; Be G Dee a On: dt G Die (160) 
by a 29 Ar 1 29 Ar or 3 29 . . . . 
or \ v2 
- — Alien! 
u, ltrararß) (161) 


Hence the real veloeity of water in pipes is 


V2ghu 
Vu > — 
Nl+4+&6+% 





.- (162) 





The coefficients of resistance are estimated as parts of the height, 


= 
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&, = 0'505 is the coefficient of resistance for the entry of water 
from the tank into the pipe. It ranges from 008-0505. If the 
mouth of the pipe be rounded and made conical, £, is small, but for 
safety it will be taken as 0'505. 

&, = 0'805 is the coefficient for bends. For right-angled elbows, 
the radius of the bend of which, r = 3d (d = diameter of the pipe), 
{, may be put 0'161. In the following Table 36, five bends are 
assumed for each pipe, thus 4, = 5 x 0'161 = 0'805. 

&, = 0'6 denotes the resistance of a tap or valve. If these are 
almost completely open, £, may be put 06, but as soon as the taps or 
valves are more or less closed the coeflicient of resistance increases 
enormously. 

{,= 1 is the resistance which arises through the entry of water 
into a vessel. If the section of the pipe be @, and that of the vessel 


Q,, then the velocity, v, in the pipe becomes PR in the vessel. The 
1 


resistance head is therefore 


Q\2 
u £ 3)% ee 

But kA = 2, and h, = £,h, therefore 
( 3) -&: ee 
If Q, be very great in proportion to @Q, as is almost always the 
case, the fraction 3 becomes very small and ( - 3) differs but 


little from unity. Thus we shall assume that &, = 1. 


d 


= “2 = the coefficient for the frietion in the pipe. A is found 
by Darcy’s formula: | 


00005078 


x = 0:01989 + F 


(165) 
This coefficient must be separately found for every diameter and 
every length of pipe. In the following small table are given the 
values of X for diameters from 0020 to 0450 m. 
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According to equation (165) :— 


Ford= 20 25 30 33 40 45 mm. 
x = 0'04528 0:04019 0:03682 0:03439 0:03259 003120 
Ford = 50 60 70 80 90 100 mm. 


x = 0:03004 0:02838 0:02718 0:02624 002553 0'02497 
Hord= 125 150 175 200 225 250 mm. 
X = 0:02394 0:02327 002279 002231 0:02214 002192 
Ford = 300 350 400 450 mm. 
\ = 0'02155 0:02135 0'02115 002101 


On the assumptions made above, the equation for calculating the 
velocity of water in cylindrical pipes is 


N2gh, 














dv. = (166) 
RE 
Vgl = WE (167) 
Yı + 0505 + 5 x 0:161 +06 + Az Js + A7 


This equation has been employed in calculating Table 36, from it 
was found the velocity, v,, of water in pipes of 30-225 mm. diameter, 
for heads of h,= 0'5-25 m., and lengths of pipe of Z = 10-100 
m. The quantities of water, W, flowing through the pipe in one 
hour were then caleulated from the velocities. 

Since the figures of Table 36 always give the greatest quantity of 
water flowing through the pipe under the conditions assumed, it is 
necessary for practical use to add to the diameter of the pipe or 
to subtract from the quantity of water thus determined, especially in 
view of the possible oceurrence in the pipe of a larger number of 
bends, branches, alterations of section and valves, and increased 
roughness of the inner surface. 
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2 


TABLE 36. 
The quantity of water, W, in cub. m., which flows in 1 hour through 


under heads of water of 0°5-25 m. 





Bore of pipe in mm. 


60 





of pipe, 
l. 


water, 


Head of | Length 
Mae 


Quantity of water, W, in cub. m. per hour. 


RE 
SONOMM-O 
I 





MIND OD 
ooaHmaca 


BmRoRm 
mn ı0 
as Wi so | 








asıomnrT 
DHmaaca 





AEPIDTEN 
nOom-owı 
a | 
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Bore of pipe in mm. 
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TABLE 36. 


pipes of 30-225 mm. diameter and 10, 20, 40, 60, 80, 100 m. long, 
(5 elbows and 1 valve assumed). 





70 | 80 90 | 100 | 125 | 150 


175 





Quantity of water, W, in cub. m. per hour. 



































a7 20 2793| 887 | 579 | 848 | 1171. | 186-7: 2032 
mo|ı 1i75, 2832| 296 | 397 | 75:0 | 1064 | 142-4 | 1846 
Bad, 186 | 217 |. 397 | 60:0 | 86:7 | 189 11a 
er ten | 153. 207 | 348 | 551 | 81:9 | 1096 | 1427 
=105| 3239| 186 | 313 | 495.| 745. 997 129% 
6°5 20,198 | 16:30). 298 ,| 450 | 7072 | 93.12 2207 
23, 310 | 395 | 491 |. 81-4 |120°0 | 1657 | 220-6 | 2881 
a 258 | 329 | 41:8 !; 70-2 | 106-2 | 150°6 | 202.3 | 269 
7 199 | 263 | 3383| 561 |. 84°9 | 120-5 | 1619712095 
2120| 217 | 292 491 |. 78:0:| 115:9 | 1558 12056 
94 | 155 | 197 | 263 | 442 | 701 | 105-4 | 141:6 | 183-3 
94 | 142 | 181 | 230| 421 | 6453 | 998 | 1335 | 1728 
3l6 | 42:1 | 497 | 694 | 1157 | 170-4 | 2342 | 315°9 | 406-6 
2335| Alk | 593 | 998 | 1507 | 212°9 | 2872| 80697 
Beat | 331 | 474 | 798 |1205 | 1703 | 2297 12957 
167 | 232 | 273 | 415 | 69-8 |110°8 | 162°8.| 2211 | 284-6 
146 | 210 | 24-8 | 878 | 62:8 | 994 | 1490 | 2010 | 25887 
12:9 | 19:3 | 22:8 | 32:6 | 59:8 | 904 | 140:5 [189-5 | 244-0 
392 | 52:1 | 684 | 859 | 141-4 | 209-1 | 2876 | 386-8 | 504-8 
| 480. 570 | 729 |12L9 | 185-L | 261-4 | 351-6 | 4580 
242 | 332 | 456 | 583 | 975 | 148°0 | 2091 | 281°3 | 3644 
20:7 | 28:4 | 37:6 | 510 | 85:0 |136°0 | 201-3 | 270:7 | 3526 
182 | 258 | 342 | 459 | 76°8 |122°1 | 183°0 | 2481 | 3196 
165 | 236 | 31:6 | 40:0 | 73:1 | 1110 | 126 128320 7S022 
446 | 45:0 | 78:8 | 98:1 |163°9 | 243°5 | 333°3 | 4477 | 580°9 
8357| 375 | 657 | 88°9 | 1413 | 215°6 | 303:0 | 4070 | 528-1 
275 | 289 | 52:5 | 671 |113°0 |172°5 | 2424 | 325°6 | 422°5 
235 | 247 | 43:3 | 587 | 98:9 | 1584 | 233°3 | 313°4 | 406°6 
214 | 22:5 | 394 | 52:8 | 89:0 | 1412 | 2121 | 2849 | 3696 
19:6 | 20:5 | 36:1 | 46:1 | 848 | 1293 | 199:8 | 256°2 | 332-6 
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TABLE 36—(continued). 


Bore of pipe in mm. 





Head of | Length 


30 | 35 





40 | 45 | 50 | 60 


Quantity of water, W, in cub. m. per hour. 
































ea | 86 | 29) 17a an 
49 | 66 | 99 | 134 | 175 | 3641 
36 | 49 | a | 101 | 131 | 196 
29 | 3:9 |, 5:9) 85.) Aldo en 
»5 1186. | 54.) 72 | wol ne 
al 8a AI om | ee 
79 | 100 | 142 ] 191 | 250 | 360 
53°| 77 } 109 | 147 | 199 | 977 
40 | 58 | 81 | 110 | 124 | 2a0u 
32 | 46.1 65 | 92 ea 
27.|. 421 60 | su | os 
25 | 88.| 5a | va’ oo er 
77 | 108 | 15:8 | 206 | aro] a0 
57 | 83 ! ır8 | 159 | 208 | 30-9 
48 | 62 |. 88 | 119 ) Io a 
34. 52 | 71.) 300) das an 
30°) 46. 66 | Sy dee 
27) 41 | 59 79 | 104 | 154 
sı | 116 | 163 | 221 | 288 | 44-9 
61 | 89 | 126 | Ivo | 22a | 349 
46 | 67.| 94 | 127 | 166 | 25:9 
37 | 53 | 75 | 107 | 120 | 215 
32 | 49 | 69 | 93 | 126 | 197 
29.| 44 | 68 | 80 | ARraege 
85 [ 194 | 174 | 387 | 323 | 477 
65 | 95 | 134 | 182 | 948 | 367 
49 |: 71 | 100 | 186, | 186 | 37% 
s9 | 57 | 80 | ıra | 167 | 23:8 
34 | 49 | 73 | 100 | 141 | 219 
ss | 45| 671. ed ae) Er 
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TABLE 36—(continued). 


Bore of pipe in mm. 





70 | 80 | 90 | 100 | 125 150" ms 1 2000 225 








Quantity of water, W, in cub. m. per hour. 





























80:0 | 66°6 | 879 | 110-1 | 183-4 | 2724 | 3714 | 4997 | 645°5 
40:0 | 5855 | 73:2 | 94:1 |158:1 | 2410 | 337°6 | 4542 | 5868 
30:8 | 42:7 | 58:6 | 752 |126°5 | 192-8 | 2701 | 363-4 | 469-4 
202.736:6| 48:3 | 65:8 | 110-6 | 1771 | 2597 \ 3387 | 4918 
232 | 33:3 | 43:9 | 592 | 99-6 |159-1 | 236-3 | 317°9 | 410-7 
.210 | 305.| 403 | 517 | 948 | 144°6 | 222-8 | 299-8 | 3873 
ösl | 73:5 | 98:5 |120°6 | 2027 | 2947 | 408°5 | 549°6 | 7084 
42:4 | 613 812 11031 |172:7 | 260°8 | 3714 | 4997 | 6440 
327 472, 6580| 82:5 |1381 2086 | 2971 | 3997 | 5132 
28:0 | 404: 624 | 72:4 |120°8 |191°5 | 3013 | 3847 | 495-9 
24:6 | 38:7 | 48:7 | 64:9 |108°8 | 1721 | 2599 | 3497 | 450:8 
222 | 36:7 478 | 60°9 |103°6 | 156-4 | 245°1 | 3298 | 4240 
484 | 80:1 | 104-4 | 1296 | 215°9 | 316°9 | 4390 | 602°0 | 763°5 


46:7 | 66:7 | 87:0 | 110-7 | 185-5 | 280°5 | 399-1 | 538-2 | 694-1 
85.9 | 5l’4 | 716 | 88:7 | 148-4 | 2244 | 3193 | 430°5 | 635°3 
308 | 44:0 | 574 | 776 |129:8 | 206°1 | 3051 | 314-4 | 5345 
2712200 | 53:6 | 69:8 | 1168 | 185.1 | 2794 | 3767 | 485.9 
279 | 367 | 478 | 60:9 |111'3 | 168°3 | 250°5 | 355°2 | 458-1 


| 
65:0 | 84:6 | 112:6 |138°8 | 2327 | 3395 | 470°4 | 628:1 | 8187 
82:0 |ı 70:5 | 93:8 | 118°6 | 199-2 | 3021 | 4277 | 571:0 | 7442 
40:0 | 54:3 | 75:1 | 951 [1594 | 2417 | 3421 | 456°8 | 5954 
83:0 | 1394 | 2221 | 329-3 | 4396 | 573°0 
277 | 42:3 | 563 | 747 |125°4 | 195°5 | 299-3 | 399-7 | 520°9 
273 | 38:8 | 527 | 652 | 119-5 | 1837 | 281-6 ‚|13876°6 | 490-0 








(SU) 
rs 
(6) 
r 
= 
oa 
{or} 
en 
Ne) 








670 | 90:9 | 1179 |145°7 | 245°9 | 3622 | 497:1 | 6703 | 865-9 
53:6 | 757 | 98-3 | 1246 | 2120 | 320-5 | 451°9 | 609-4 | 7872 
412 | 585 | 78:6 | 99-7 | 169-6 | 2564 | 371°5 | 487°5 | 6297 
847 | 50:5 | 64:8 | 872 | 1484 | 235°6 | 3479 | 4692 | 606-1 
321 454 | 579 | 78:5 |133°5 | 2115 | 3163 |.426°6 | 551°0 
294 | 41:6 | 540 | 747 |127:2 |192:3 | 298°2 | 402°2 | 519°5 
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TABLE 36—(continued). 


Bore of pipe in mm. 





Head of | Length | | 












































water, | of pipe, 30° 35 | 40 | 45° | 50 | 60 
er l. | 
Quantity of water, W, in cub. m. per hour. 
m. m 
8:9 13:0 18-3 251 31:6 48°5 
2) 10:0 14:1 19:3 25°3 38:8 
51 75 106 145 19:0 291 
41 6:0 84 12-2 16°0 252 
3°6 5°5 a 10:6 144 22:5 
3:0 5.0 7 9:6 12:6 198 
9-4 13:6 19:3 26:0 32:6 a 
72 10°5 149 20:0 261 408 
54 78 2 150 244 38:3 
4:3 6°3 89 , 12:6 16°5 26°5 
38 |, 0:8 Bl: 11:0 148 237 
3° | 52 74 10:0 13:0 20°8 
10:0 143 19:5 273 33°6 533 
75 12:0 15°0 214 268 497 
5.6 8:3 113 158 20.1 32:6 
4:3 6°6 9:0 132 170 277 
3°9 el 11:6 15°3 247 
an 54 74 | 105 | Teer 
102 148 208 282 35°3 558 
78 114 160 217 28:3 446 
5.9 8:5 120 16°3 212 33-4 
4:7 68 9:6 13°6 179 29:0 
42 62 8:8 11°9 160 258 
3:8 56 8:0 108 14:0 227 
10°6 152 207 29-2 38-4 59-4 
82 17 1,39% 22:4 29:5 45°7 
61 88 | 125 | 168 | 221 | 343 
49 7a 10°0 13°5 18:0 279 
4:4 64 | 91 12-3 16°2 26:0 
40 568 | 88 112 147 227 
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TABLE 36—(continued). 





Bore of pipe in mm. 





70 80 | 90 | 100 | 128 150 | 175 | 200 | 225 
} | 
| | 








Quantity of water, W, in cub. m. per hour. 





71-4 93:7 | 120-9 | 1544 | 2587 | 391-8 | 59247 | 707-7 | 91317 
Seal | 103° | 133-1 | 293-0 1337-7 | 477-0 | 6435 ı BIO 
43-2 | 60:2 | 82:6 | 106-4 | 178-4 | 270-1 | 381-6 | 514-6 | 730:5 
22 So | 68T | 9371 | 1561 | 249-1 | 3453 | 4953 70892 
32:6 ı 468 | 61-9 | 83:8 | 140-5 | 222-9 | 333-9 | 450°3 | 581.1 
282 | 42:9 | 56:8 | 732 |133°8 | 202°6 | 3148 | 4246 | 54781: 











74:3 | 98-1 | 130-5 |163-0 | 269-2 | 391-8 | 5259 | 700-4 | 9541 
59-4 | 81:7 1088 | 1396 | 2341 | 355°5 | 478:1 | 6727 | 867°3 
45:7 | 68:0 | 870 | 119-6 | 1872 | 284-4 | 3825 | 5382 | 6938 
8372| 539 | 718 | 97.7 |163-8 | 261-3 | 368°1 | 414-4 | 6678 
344 | 49:0 | 652 | 87:8 | 1474 | 2346 | 3347 | 370°9 | 607.1 




















29:8 | 449 | 59:8 | 767 |140°4 | 213°3 | 315°5 | 3551 | 5724 
75:6 | 102-0 |136°0 171-2 | 286-3 | 416-8 | 586-1 | 771-1 |1006°0 
60:5 | 85:0 | 113-3 | 145°5 | 2451 | 368-9 | 523°8 | 701:0 | 9146 
46:5 | 66-4 | 90-6 | 1164 | 2161 | 2951 | 4190 | 560°8 | 7381°6 
2329| 564 | 748 | 101:8 | 171:5 | 271-1 | 4033 | 5897 | 2022 
35-0 | 51:0 | 68:0 | 91:6 | 1544 | 243°4 | 366°6 | 4907 | 640°2 
30:3 | 46:7 | 62:3 | 80:0 | 1470 | 2213 | 3457 | 4626 | 603°6 
80:7 | 107-4 | 142-8 |176°8 | 293-6 | 4348 | 599-9 | 8072 [1089-1 | 
64:6 | 89-5 | 119°0 |151'1 | 2539 | 3848 | 545°4 | 7338 | 9446 








49-7 | 75:9 | 95-2 | 120-9 | 2031 | 3078 | 436°3 | 5871 | 7507 
20 59:0 | 78:5 | 1058 | 1777 |2841 | 4199 | 
Ba Dar | 714 | 952 |160°0 12539 | 3818 | 

325 | 492 | 65-4 | 83:1 | 1523 |230°9 | 3599 | 4843 | 623-4 











83-3.| 111-7 | 148-1 | 183-5 | 304-8 | 4521 | 6190 | 839-5 |1078-4 
66:6 | 93-8 | 123-4 | 156-8 | 262-8 |400'1 | 5627 | 7632 | 980-4 
51:3 | 71-8 | 98:7 | 195-4 | 214-2 | 320-0 | 450-2 | 610:5 | 784°3 
43-9 | 61-4 | 81-4 | 1117 | 183-4 | 2940 | 425°6 | 587°6 | 7549 
38:6 | 55:9 | 740 | 98-8 | 1955 | 2630 | 393-9 | 5342 | 
34:9 | 512 | 678 | 86-2 | 157.6 | 240°0 | 371°4 | 5100 | 647°0 


———————————————— 


er 
(eo) 
= 
co 
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TABLE 36—(continued). 


Bore of pipe in mm. 





Head of | Length 






































water, | of pipe, 30 | 35 | 40 | 45 | 50 | 60 
in: L. 
Quantity of water, W, in cub. m. per hour. 
m. m 

15:0 10 10:9 19:7 29:3 304 | 8396 62:1 
20 84 19.1 real 234 304 477 
40 6°3 9:0 12-9 175 22:8 358 
60 0 72 104 142 18°3 29-2 
80 4:6 6°6 98 12:8 167 262 
100 4:1 6°0 85 17 152 239 

16:0 10 14-3 164 23°3 318 41°2 64:1 
20 8 12°6 17:9 24:0 31'6 49:3 
40 6°5 9-4 134 18:0 237 869 
60 92 76 108 14°5 kei 30:0 

80 47 6:9 Sun 132 174 204 
100 4:3 6°2 8:9 12°0 158 247 
18:0 10 12:0 17.0 24:6 330 422 68:0 
20 92 134 18:9 254 324 523 

40 6°9 10:0 142 190 24°3 39-2 
60 19305) 80 114 154 261 318 
80 4:9 72 102 14°0 17'8 28:8 
100 4°5 6°6 9:3 2 16°2 26'2 

20:0 10 1A 184 25°9 351 45.4 72:0 
20 9:8 14:1 199 270 349 99'4 

40 18 10°6 149 20:2 262 415 

60 58 85 4, 2UV 16°3 18:0 336 

25°0 10 143 20°5 29:0 SIT 48:9 774 
20 LU 159 22:3 29:0 ao 61% 

40 72 0) 197 DT 270 464 

60 6°6 9:5 134 179 247 402 

80 6:0 8:6 ER 15'9 21:6 sl 
100 54 79 110 14°5 195 30:9 
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TABLE 36—(continued). 


Bore of pipe in mm. 





m | 0 | 0 | m 





125 | 150 | 175 | 200 








Quantity of water, W, in cub. m. per hour. 


















































86:7 | 1144 | 153°6 | 190°9 | 319-4 | 4672 | 642°8 | 8644/11178 
69-4 | 96°2 |128°0 | 1631 | 2730 | 413-4 | 5844 | 785°'8,1016°2 
534 | 74:1 |102°4 | 130°5 | 2184 | 3307 | 4675 | 6186| 812:9 
45:8 | 685 | 84-4 |114:2 | 191-1 | 303:8 | 457°6 | 605:0| 7824 
4102| 577 ı 76:8 | 1027 | 1719 | 2720 | 4090 | 550:0| 7.11:3 
200. 929| 70-4 | 89:7 \163°8 | 2480 | 3857 | 518:6| 6707 
31202 3719:07 | 161-4 | 1967. | 327°4 | 485-1 | 6617 | 888:0/ 11295 
728 | 994 | 1345 | 1681 | 2822 | 429.3 | 6017 | 8073110448 
56.1 | 76°6 | 107:6 |134°5 | 2257 | 3434 | 481'3 | 6457| 835°8 
430, 0906 | 887 | 1177 | 1975 | 3155 | 46938 | 6216| 20285 
49-2 | 59:6 | 80:7 |105°9 | 1778 | 282°6 | 423°3 | 865°1| 731°3 
a8 5A | 73:9 924 | 169-3 | 2576 | 3971 | 8328 6897 
94-5 | 197-6 | 172-8 | 208-3 | 345°8 | 5153 | 703-1 |°951-4|1243-7 
75:6 | 106°3 | 144:0 | 1780 | 298:1 |451°6 | 639-1 | 8649| 11307 
58.2. 81-9 | 115-9 | 149-4 | 238-5 | 361-3 | 511-3 | 691.9 9045 
49-9 | 70:1 | 95:0: | 124-6 | 2087 | 3319 | 492-1 | 6660| 870°6 
BD 038 86:6 | 1115 | 1878 | 297.8 | A472 | 60a Tales 
397 | 584 | 792 | 97:9 | 1788 | 270°9 | 4218 | 5598| 746°2 
99-6 | 132-5 |177°2 | 219-9 | 363-8 535°0 | 743°8 |1001'2)12910 
Ze 0:5 1477 | 187°9 | 313:6 4770 | 6761 | 9102) 1175% 
614 | 85-1 |118-1 |150-3 | 250:8 3816 | 531°9 | 7281| 9889 
526, 72:9 | 97-4 | 131-5 | 2195 340°1 | 520°6 | 700-8) 908:7 
| 
111:8 |149-7 | 197-8 | 244-2 |, 4072 | 5877 | 833°3 |1106°9 | 14594 
89-5 | 124-8 | 164-8 | 2105 | 351:1 | 5343 | 7575 |1006°3 | 1326°8 
‚68-9 | 96-1 | 1319 | 168-4  280'9 | 4274 | 666°0 | 908°0|1261°4 
59:0 | 82-3 | 97:9 | 1473 2458 | 392-0 | 621°6 | 8523 |1123°8 
53:7 | 748 | 88:9 |132-6 221-2 | 352°6 | 583°3 | 774'8|1021°6 
49-2 | 68-6 | 90:6 |126°0 2106 | 320°5 | 499:9 | 6641| 875°6 


























CHAPTER XIX. 


‘THE LOSS OF HEAT FROM APPARATUS AND PIPES TO THE SUR- 
ROUNDING AIR AND MEANS FOR PREVENTING THE ESCAPE. 


A. The Loss of Heat. 
1. According to E. Peclet’s Equations. 


E. PEcLET, in his classic work Traite de la chaleur, has laid down 
the principles for calculating the loss of heat from hot bodies. We 
‘ought not, however, to omit the many later researches and methods 
of caleulation ; we shall therefore give the losses of heat according to 
Peelet and also according to more recent and simpler estimations. 
Unfortunately the results of the two methods of calculation differ 
considerably, Peclet’s equations giving too low numbers, the more 
recent equations too high figures. The observed losses of heat, 
although they also are not all in agreement, lie approximately in 
the mean of those calculated according to the two formulx. 
According to Peclet, the total hourly loss of heat, M, expressed 
in calories, from 1 sq. m. of hot surface is composed of two parts, 


(a) The loss due to radiation, R, which only depends upon the 
material and the nature of the radiating surface, in addition to the 
temperature of the air, 6, and the difference in temperature, £, be- 
tween the hot body and the surrounding air. The influence of the 
material and ‚nature of the surface is expressed by the coefflicient, %, 
which is for :— 


Copper - - - - - - - 0:16 
Wrought iron - - - - - 2:77 
Cast iron - - - - - - 3:36 
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According to P£clet’s empirical equation 
R=124 72:0 -1):. . =: .... (168) 


in which a = 1:0077. 

(b) The loss caused by contact with the surrounding air, A. In 
this case the shape of the body, in addition to the difference in 
temperature, has a considerable influence upon the loss, which 
influence is expressed by the coeflicient, k.. 

According to Peclet 


A= 055. 0. (169) 


The total loss of heat from the body is therefore, for 1 sq. m., one 
hour and the difference in temperature, £, 


M=R + A = 124 72ka%(a' - 1) + 0:552k,1 . (170) 


The coefficient, k,, was determined by Peclet for many forms of 
surface ; it is different for flat plane surfaces, for horizontal and 
vertical cylinders, and also depends on the diameter of the cylinder. 

In Table 37 are given the following values, calculated according 
to Peclet’s data :— 


(a) The loss of heat by radiation, A, from copper, wrought and 
cast iron, for 1 sq. m., one hour, and for temperature differences of 
20°-180° C. 

(b) The loss of heat by conduction, A, for 1 sq. m. and one hour :— 

(a) From horizontal pipes of 20-1000 mm. diameter, and 
differences in temperature of 20°-180° C. 

(ß) From vertical cylinders of 1-3 m. diameter, 1-5 m. high, 
for temperature differences of 20°-150° C. 

(y) From plane surfaces of 1-5 m. height and differences in 
temperature of 20°-180° ©. 

(c) The coefficient, k,, for horizontal pipes, with differences in 
temperature of 20°-180° C. 

(d) The coefficient, k,, for vertical eylindrical surfaces of 1-3 
m. diameter, and 1-5 m. high. 

(e) The coefficient, k,, for vertical plane surfaces. 

From Table 37 the calculated loss of heat (per sq. m. per hour) 
can be read off for the most usual cases. For this purpose the loss 
by radiation, R, for the particular material and the prevailing 
difference in temperature, is added to the loss by conduction, A 


’ 
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TABLE 37. 


Loss of heat by radiation, R, by conduction, A (also the coefficients, k 
and cast iron, at temperature differences of 20°-180° C., 





Temperature Difference. 





20° | 30° | 40° | 50° | 60° | 70° 





80° | 90° 





R= 


Diameter 
of the 
pipe, mm. 


30 
40 
50 
60 
70 
80 
90 
100 
150 
200 
300 
400 
500 
600 
800 
1000 


Height 
of the 
eylinder. 


78 


130 

101 
88 
794 
74 
70 
66°6 
65 
62:6 
87 
54 
öl 
49.3 
48:6 
484 
477 
47 


59 
52 
50 
48:8 
48:4 








(a) Loss of heat by radiation, R, per 1 sq. m., from copper, 


98 


100 


| 121 


215 
168 
145 
131 
121 
18 
109'8 
107'5 
103 
94 
89 
84 
82 
sl 
80 
181 
TOT. 


96 
86 
82 
8l 
80 








Sheet copper (k = 0:16). 

















8:0) 104) 13°9) 15-9 
Wrought iron (k = 277). 
138:5| 181 | 226 | 275 
Cast iron (k = 3'36). 
168 | 219 | 974 | 334 
(6) (a 
306 | 404 | 505 | 610 
241 316 | 396 | 479 
207 | 272 | 340 | 412 
186 | 246 | 307 | 372 
173 228 | 285 | 345 
164 | 216 | 270 | 328 
156°6 | 205°8| 258 | 312 
153 | 202 | 252 | 305 
147 193 242 293 
183 176 | 22078255 
127 |167 | 210 | 249 
120 . | 158. | 1978| 222 
117 7 196 194 | 234 
115.) 1901 190 | 230 
1137| 148 | 187 227 
112 147 | 185 223 
IL 146 183 221 
(b) (R 
Diameter of the cylinder = 1m. 
138 | 182 | 228 | 275 
123 162 202 | 245 
117 | 154 | 194 | 235 
16 I 1m 1 Ir 
113:7| 148 187 | 222 





19 | 222 
328 | 384 
396 | 466 


Loss of heat by 


116, | 892 
562 | 754 
483 | ö6l 
436 , 505 
404 | 470 
384 | 444 
367 | 426 
360 ı 415 
345 | 399 
313 | 364 
298 | 344 
282 | 326 
276 | 319 
271 | 8313 
267 | 309 
263 | 305 
260 | 298 


Loss of heat by 


323 | 375 
289 | 334 
275 | 333 
267 | 309 
261 | 299 





THE ESCAPE OF HEAT FROM APPARATUS. 193 


TABLE 97. 


and k,) from plane and cylindrical surfaces of sheet copper, wrought 
in calories per sq. m. per hour, according to E. Peclet. 


Temperature Difierence. 








100° 1rOr 120° 130° 140° 170° 180° 





150° | 160° 























wrought iron and cast iron, at temperature differences of 20°-180°C. 


Sheet copper (k = 0:16). 


























2957| 2977| 3388| 3883| 43 | 48 | 54 | 60 | 67 
Wrought iron (k = 2'77). 
447 | 506 | 585 | 662 | 746 | 836 | 939 |1045 |1159 
Cast iron (k = 3'36). 
41 | 622 | 709 | 805 | 904 |1014 |1139 | 1269 11406 
ceonduction, A, from horizontal pipes. 
948 11065 11185 |1309 ]1432 [1561 |1691 |1822 | 1955 
742 837 931 |1028 | 1125 |1226 |1328 | 14831 | 1535 
638 TEL 800 883 966 11053 |1140 | 1229 | 1318 
886 648 724 798 873 992 | 1032 | 1E22a a 
836 601 671 740 810 883 957 |1030 | 1105 
507 867 636 706 768 838 907 978 | 1048 
484 544 606 669 733 798 864 931 999 
477 534 595 658 le 782 847 913 RS) 
454 En 570: | 629 688 750 812 875 939 
414 465 517 572 626 683 739 796 853 
393 441 493 944 595 649 703 758 812 
371 417 465 513 962 612 662 714 766 
363 408 454 502 90 599 648 698 750 
357 400 446 493 940 888 636 686 736 
352 396 440 486 9932 880 628 677 726 
347 390 434 479 925 872 619 667 716 
342 383 430 475 519 966 613 633 709 


conduction, A, from vertical cylinders. 


428 
381 
364 
352 
344 





480 
427 
408 
396 
385 


535 
477 
457 
440 
432 


Diameter of the cylinder = 1 m. 


591 
526 
504 
Eh 
486 


646 
575 
Sol 
532 
516 


13 


705 
627 
601 
580 
569 
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TABLE 37—(continued). 


FL lz—www——— 


Temperature Difference. 




















Height 
of the = = x i 
Cy linder. 20° | 30° | 40° 50° | 60° 70° 80° 90° 
mm. 
Diameter of the cylinder = 1'5 m. 
1000 59 95 | 137 | 180 | 226 273 320 | 371 
2000 öl 86 | 121 159 199 242 286 | 330 
3000 49 82 1er al 191 231 272: |. 818 
4000 486| 81 114 | 149 . 189 229 270 | 312 
8000 48 79 | 1125| 147 | 185 | 225 265 | 306 
Diameter of the cylinder = 2 m. 
1000 58 94 | 136 | 179 1:224. | 270 ]: 317 1268 
2000 50 84 |.121 | 189: ,199% 7 240 283 | 328 
3000 48:8| 82 | 116 1152 | 191 225 271 308 
4000 48:6) 79:5| 113° | 148 | 187 | 292 | 265 | 299 
8000 47 20:7, LM 146 | 183 | 221 260 | 298 
Diameter of the cylinder = 2:5 m. 
1000 56 gl 132 | 178 | 217 71262 307 357 
2000 öl 84 | 120 |158 | 197:81 289 282 | 326 
3000 486| 81 oe 190 230 271 | 313 
4000 48 19 3 218 147 186 224 264 | 307 
5000 47 Tore, rt 146 | 183 | 221 260 | 298 
Diameter of the eylinder = 3 m. 
1000 515) Di al’ ie 216 | 260 305 | 355 
2000 öl 84 | 120 | 197 | 197 | 288 280 | 324 
3000 486| 81 | 114 150° | 289 229 270 | 312 
4000 477 7897| 112 147 | 185 223 | 263 | 305 
5000 47 16:71 DL 146 183 221 260 | 298 
(b) (y) Loss of heat by conduction, 
1000 53:2] 0932| 87°8 | 1253| 206 | 253 | 294 | 349 
2000 486| 81 119. ı ol 190 | 230 | 271 313 
3000 47:0) 767| 111 | 146 183 221 260 | 298 
4000 46°4| 76°1| 1085| 1426| 178:3 | 219 255 | 284 
5000 451| 75 107 1405| 1763| 213 251 290 





























Value of the coefficient, k,, for horizontal pipes. 


d — diameter in mm. 

















d= 20 25 30 40 50 60 mm. 
k,=5837 51 öl 396 358.382 
d= 70 80 900 100 150 200 mm. 
k, = 315 30 2:94 2:82 2.567 244 
d= 300 400 600 800 900 1000 mm. 
k=23 2 22 22 25 25 
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TABLE 37—(continued). 





Temperature Difference. 



































| 
100° 110° 120° | 130° 140° 150° | 160° | id) 180° 
| 

Diameter of the cylinder = 1'5 m. 
424 475 530 585 | 640 698 — — — 
377 420 | 470 522 570 617 — — = 
a 2 | | ar ee 
359 398 | 444 490 | 837 585 = - — 
348 392 436 481 | 527 D75 — = _ 

Diameter of the cylinder = 2 m. 

3202| 470 525 5850 633 690 — — — 
373 | 419 467 5l6 | 565 615 — | — — 
390 395 438 484 | 530 877 — 1 — — 
344 385 432 477 521 569 u — — 
342 383 430 475 | 519 566 = _- — 

Diameter of the cylinder = 2:5 m. 
405 456 509 562 615 670 — — - 
37l 417 | 465 813 562 612 — — — 
357 400 | 466 493 540 588 - u — 
348 392 | 436 482 528 875 — — _- 
342 382 | 430 475 519 566 — —— u 

Diameter of the cylinder = 3 m. 
403 452 505 D60 61120 0:607, — — — 
369 415 463 510 560 | 609 — En = 
355 398 444 490 837 585 — — — 
347 390 434 479 525 572 _ - _ 
342 383 430 475 579, | 566. | eur es 

A, from vertical plane surfaces. 

388 426 484 939 586 638 691 745 S00 
363 408 454 502 590 599 648 698 750 
342 383 430 475 519 966 613 660 709 
336 379 420 463 | 508 599 599 645 692 
33l 369 414 451 Sol 545 50 637 682 

















(d) Value of the coefficient, k,, for vertical cylinders. 


d = 1000 
d = 1500 
d = 2000 
d = 2500 
d = 3000 


(e) Value of the coefficient 


h 
k, 


h 


h 


li 


— height. 
1000 


2:65 
2:62 
2:60 
2:52 
2:51 


3000 
2:26 
2.24 
2:22 
221 
2:20 


2000 
2:36 
2:33 
2:3l 
2:30 
2:29 


I 


u | 


h = height in mm. 


d = diameter. 


4000 
2:22 
2:20 


5000 mm. 
2-18 
2-16 
aly -2ele 
2.16 32218 
219 218 


‚k,, for vertical plane surfaces. 


= 1000 2000 3000 4000 5000 mm. 
2 u 2 I Se Al 


N nr mn mm nm nn nn m U 
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which depends on the form of the body and its position at the present 
difference in temperature. 


Example.—A horizontal cast-iron pipe of 200 mm. external diameter loses, 
with a temperature difference of 100° C., 
M=R+ A = 541 + 393 = 934 calories per sq. m. per hour. 


These calculated losses of heat probably approximate to the truth, 
but it is still necessary to state what values have been obtained by 
more recent experiments conducted both on a large and small scale. 
It may be assumed 4 priori, that experiments with larger objects in 
larger rooms will show somewhat greater losses of heat, since they; 
being generally undertaken for practical purposes, do not so completely 
exclude all the subsidiary conditions (e.g., the rapid motion of the air 
about the warm object of the experiment), as P£clet’s purely laboratory 
experiments did. We have endeavoured to collect the accounts of 
researches on loss of heat dispersed through the literature. The 
results of the search are collected in Table 38 ; ıt should beremarked 
that these experiments do not all appear to be of equal value, since 
some were certainly not carried out with regard to all the cireumstances. 
to be considered. 

In Table 38 are given the quantities of condensed water found 
in the different experiments, and thence are calculated the calories 
ziven out per sq. m. per hour. Then in the next column is given the 
loss of heat calculated for the particular case by means of Peclet’s 
formul. 

Comparison of these figures shows that in reality hot surfaces lose 
about 25 per cent. more heat than Peclet’s formula indicates, which 
is without doubt explained by the ever-present air currents, which, as 
is well known, considerably facilitate the loss of heat to the air. The 
irregularity of the results of the experiments is due to the same cause 
and to the variable quantity of air in the steam. 

It is not possible to arrange in one table the losses of heat from 
all tbese hot bodies of such various shapes and sizes. The loss must 
generally be determined as the product of the calculated exterior 
surface and the loss from unit surface, obtained from Table 37 or 39. 

For the most ordinary apparatus—horizontal pipes and vertical 
‚ eylinders of cast-iron, wrought-iron and copper—the losses of heat 
per hour caleulated by Pöclet’s equations are given in Table 39, for 
‚ pipes of 20-1000 mm. diameter per running metre and for vertical 
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cylinders of 1-5 m. height per 1 sq. m. of surface, for temperature 
differences of 30°-160° ©. 

In order to find the loss of heat really to be expected, the figures 
of Table 39 must be multiplied by about 1'275, t.e., increased by about 
25 per cent. 


2. According to more Modern Formule. 


The second, more modern, and somewhat simplified formula for 
the determination of the loss of heat, M, from warm bodies to the, 
surrounding air, runs as before, 


M=RbA: „u. re) 
The loss by radiation is here, according to Dulong and Petit, 
1 1298 1.:.007 72 1:00 72) 2 


The coefficient of radiation, k, according to Peclet, for copper 
= 0:16, wrought iron = 2:77, cast iron = 3:36; t, is the temperature 
of the hot space, t,, of the cold space. 

The loss by conduction is 


A = 0:55 ee, rar 


in which 5 is the coefficient of conduction, which is, according to 
Valerius, for air at rest, 4, for air in motion, 5-6. 

Thus the formula for the loss of heat from hot bodies to the 

surrounding air becomes 
M = 125%(1:0077%-1'0077%) + 0°555(t, — t,)"73 .. (174) 

By means of this equation the loss of heat from cast-iron, wrought- 
iron, and copper surfaces, to the surrounding air, per hour and per 
sg. m., has been calculated for differences in temperature of 20°- 
180°C. The results are given in Table 40. 

These figures (Table 40) will be found to be considerably higher 
than those caleulated by means of Peclet’s formula (Table 39), and 
even greater than the losses experimentally determined. As is often 
the case, the truth lies in the mean. 

In the compilation of experimental results (Table 38), the values 
calculated by both formul® are introduced, in order to facilitate 
comparison. 


The loss of heat from multiple effect evaporators is greater than 
would be due to their simple surface. Let C, C,„ O7, and C,, calories 
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TABLE 38. 


Compilation of the results of experiments, on the loss of heat, by 
Ordway, Gutermuth, Pasquay, Russner and Paul Müller. 





je} 
02 
ji 
[86) 


1! Se We 7 


| 


9 10: 1 





= 
l 


”„ 


Author. 


steam in the pipe. 


Prosen re of the 





External surface 
Internal temperature. 
Externaltemperature. 
Steam condensed 
Steam condensed 

per hour per 1 sq. m. 
of surface. 

Loss of heat per 

189. m. in’ I hour. 
Loss caleulated 
according to Peclet. 
Loss caleulated 

by equation (174). 


of the pipe. 





Internal diameter=d 
External 
Length 





Loss of heat, in calories, 
when covered with 


[0] 


Cal. | Cal. 


o° 
Q 
ee! 
er 
| N 
° 
a 
EN 
oO 
a 
(@) 
» 
ae 


S 

E 

un 

Io) 

2 
I 
LE: 





d=50 | Naked | Felt 
D=-59'7 0:057| 4 150 115) — 3176| 1594 | 1628 | 2060 | 363 
1= 3048 


J. M. Ordway, 
Report 14. 


Boston 
Institute | 
of Techno- 
logy, 1883. 

















| Cast iron | 1:677| 2:45| 139 | 16:2) Average. 
d=150 1'677 | 2:60) 140 183 


545 
545 
|D=1174 1677| 2:30| 137 15:5| 549 guhr 
573 
53 
































an 

3 | 7=3000 | 1677| 2:50| 139 | 18-2| 573 [Naked 561 
A 1:677| 2:37 | 188 | 15°8| 5-37 | 3-28 | 1672 | 1230 | 1700 

er} 1:677| 2-50 139 | 18-2| 5°59 Cork 
= 1-677| 2-53) 139 | 23-2) 525 495 
z 1:677| 2:60| 140 | 19-2] 5’46 

E | Cov’d | 

5 Cast iron | 97°5| 3 144 | 20?| 98 | 10 506 
= d=175 97-5, 4 152 | 20? | 107-6| 104 559 
$ |D=83 975,5 159 | 20?| 115 | 118 585 
2 1=330000 97:5, 6 1653| 20?) 120 | 1'283 605 
rS | | | 

> Cast iron | 184 | 3 144 | 20?! 159 | 0-864 437 
= #0 1 152 | 20°, 168 | 0:92 460 
u ID=168 \184 |5 159 | 20? 1866| 1:014 503 
= i=323000| 184 |6 | 1653| 20?| 205 | 1114 546 
5 Cast iron 3 144 | 20?| 262 | 0-929 470 
= d=75 4 152 |20?| sı2 | 1.109 555 
E |D=8 | 2 |5 .|159 |20?2|898 | 114 565 
= !=33000 & 6 1653| 20? | 319 | 118 556 
5 a | 

o d=140 8 |83 144 | 20?|.253 | 09 455 
gs  [D=168 © |a |152 | 20?| 300 | 1:067 533 
2 | 1= 323000 5 159 | 20?! 801 | 1-067| 529 
- | 6 !|1658| 20?|sı7 ru 546 
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TABLE 38—(continued). 


























1 9 3 4 5 6 7 8 9 10 11 12 
Sa a © © Re | n 
Il SE DE A a 2 
- .- - I 2 = el er = 
0 er ere = 
a ° & Den R- 2, en =) ar Sr on ı|2&4|8 j= 
E = Eee 2 
I) Bess ® 3 = 3.9818, | 55 "D 
R Se er 3 = =; Sa Se We; Sale 
Author. Ei salog Fi 3 oa San ee 
IS So o 8 = = go | g0%| 5 Org Se=) Io 
Ben ad la | © ER a 
>48 ze Mu > ” och osRnı a | Bam O4 
=! Den ag oO FD [3] > a 
HAH go N _ ea) aa nn a0|ı Hr Hs sales) an 
2 HE 
mm. Bas. raubsi.|; ° O °C. |Kilos.| Kilos.| Cal. | Cal. | Cal. 
| Kiesel 
ur Naked Naked Naked Naked guhr 
dS Cast iron 115 |1ı5 |2-332 |3-332 | 1230 | 954 | 1431 | 309 
So d=140 1 17 | 145 | 145|3-547 |3-547 | 1791 | 1368 | 2052 
22 |D=160- 139 | 21 |3-06 |3-06 | 1561 | 1221 | 1710 
en 173 135 |15 13-145 |3:145 | 1613 | 1221 | 1824 
Ed 1.1870 135 |10 |4:08 [4-08 | 2093 | 1299 | 1935 
KH © 
2 129 | 25 12-769 |2-769 | 1431 | 1148 | 1720 
5 129 | 29 13-061 13-061 | 1581 | 954 | 1431 
EB: 122 | 22 12-433 12-433 | 1267 | 954 | 1431 
Die=! | 
& 
ka | 
Bi. ı = 
Er 5 Z IE .=l d=120 PER 4 } | | 
#205 D=? 3951| 1'0| 993] 10:8|1-97 |1-97 | 1058 | 805 
ausm = er | | | 
ESS - d=? > | 
M23533|D-885 ı | 1 | 993| 20 [1:676 11-676 | 900 | 688 
Bans 1=3600 
E | 
Castiron | 4 | 3-6 | 189-8| 30-3 2-98 | 1635 | 1080 | 1612 
1 d=? 17 | 1155| 37:5 2-54 | 1038 | 756 | 1050 
S D=159 1-7 | 115-1| 39:8 12:43 958 ı 650 | 990 
ee 1=8008 1:2 | 1066| 36°6 2:34 | 8715| 594 | 907 
<< 3:6 | 1403| 342 12:66 | 1432 | 1020 | 1590 
N 4-5 | 148-2| 41°6 2:93 | 1567 | 1030 | 1590 
2 3:6 | 1401| 3% 8 12-68 | 1538 | 1020 | 1525 
er 45 | 148 | 4128| 3.00 | 1584 | 1030 | 1550 
wi 4:5 | 148-4 | 364 12:76 | 1439 | 1072 | 1650 
eh 5:5 | 1546| 42:5 12-99 | 1663 | 1100 | 1640 
= 1'2 | 105 | | | 
Fi 17 | 115 
Ai 3-6 | 140 
5-5 | 155 
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TABLE 39. 


(a) Loss of heat, in calories, from cast-iron (C), wrought- 
hour, according 

(b) Loss of heat from vertical cylinders, 1-5 m. 

The real loss is about 25 per cent. 





























8 S = 5 a 4 Temperature Difference. 
es | 898 383 ae Ei. 
az us Al 28-7 & 
[ag Ar Ss @) S 2) = 30° 40° 50° | 60° 70° 
mm mm sq. m 
(a) Loss of heat, 
20 26 0081 W — — = > 
20 23 0:075 KI — -— — — — 
30 38 0:120 W — — — — _ 
30 33 0:103 Ki — — — — — 
40 445] 0'140 W — — — 78 95 
40 43 0:135 K|I — —- — 45 öl 
50 54 0:169 W — —— -- 100] 0 
50 54 0:169 KI — z= — öl 72 
60 66 0'207 Ww — — — 100 | 121 
60 64 0201 K|I — - — 97 72 
70 76 0'238 W _- — —— 14% 142 
70 74 0'232 KI — — = 64 78 
80 100 0314 | C e— == — 162 135 
80 89 0'279 Ww — = — 197 162 
50 85 0'267 K|I — — — 11 86 
90 110 0.345 | © — u — 176 214 
90 98 0:307 Ww En — _ 145 175 
‚90 95 0300 KI — _- — 76 97 
100 120 Ver Me — — — 190 232 
100 108 0.339 W u En — 166 | 192 
100 105 0:330 K|I — = — 83 100 
125 145 0455 | © E— 136 175 225 273 
125 133 0'417 Ww _ 113 150 189 228 
125 131 0411 K| — 57 73 100 118 
150 172 0:050 | © E— 162 210 264 320 
150 159 0'499 W — 136 177 222 270 
150 157 0493 KI — 70 90 110 130 
200 223 0700 | © u 210 284 350 | 420 
200 210 0:659 W = 174 229 287 346 
200 208 0.653 KI — 86 114 144 174 
250 276 0:867 | © — 258 337 424 5ll 
250 260 0'817 W u 218 287 358 433 
250 258 0810 KI — 113 250 188 228 
BE, EEE En 
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TABLE 39. 
iron (W) and copper (K‘) pipes per running metre in one 
to E. Peclet. 
high, per sq. m. per hour, according to E. Peclet. 
greater than that calculated here. 


Temperature Difference. 








80° 90° 100° 110° 120° 130° 140° 150° 160° 





in calories, per running m. in 1 hour. 
76 ya | 102 |: 113 129 143 160 177 193 

48 60 65 70 30 85 95 105 112 

9% | 115 130 | 144 165 185 205 225 250 

53 71 sl 85 95 105 110 120 135 
110 | 127 | 149 | 165 190 210 235 257 281 
64 75 95 100 105 118 130 141 153 
124 | 143 | 170 | 190 217 245 268 293 328 
75 86 302 70 125 138 150 163 180 


150 | 168 | 200 | 220 250 280 310 340 395 

85 yo Li) 128 138 154 165 185 198 
167 | 195 |ı 224 225 286 309 356 396 433 

90 | 1065| 120 | 135 152 166 185 201 217 
za) Wi, 318 | ,355 403 448 500 559 610 
192 | 294 | 258 | 294 340 368 408 450 500 
wu”, u8|ı 135 15 170 190 207 226 243 


254 | 297 | 349 | 388 438 490 546 607 670 
205 | 235 276 305 |; 350 390 430 AUT 525 
2 199 | 150. | 166 184 195 225 244 265 
276 | 322 | 377 | 422 477 839 593 659 727 
227 | 264 | 311 | 344 39l 438 483 537 Sal 
ma | 168 | 178 198 217 240 265 280 
322 | 377, 434 | 494 598 625 696 772 | 854 
267 | 8310 | 367 | 413 468 515 585 643 710 
ur Ze | 1838| 211 225 251 280 310 339 


379 | 442 | 510 | 580 707 733 815 907 | 1004 
319 | 372 | 431 | 483 577 616 688 758 839 
160 |. 190 | 210 | 240 270 300 325 360 390 
a 58 | 700 | 770 875 980 | 1092 | 1211 | 1330 
410 | 477 | 574 | 623 706 792 877 976 | 1082 
214 | 234 | 275 | 305 345 376 410 456 490 
607 | 705 | 814 | 924 | 1048 | 1178 | 1308 | 1466 | 1612 
813 | 600 | 689 | 777 888 995 | 1107 | 1225 | 1353 
273 | 313 | 356 | 400 446 495 542 592 643 
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TABLE 39—(continued). 











3x FE 5 Ei 53 E Temperature Difference. 
sa |ess| 535 | 3 | 10° | 50° | 60° | 70° 
_ mm. mm. sq. m. 

(a) Loss of heat, 
300 | 332 1:043 | C 205: 295: | 378 | 27 575 
300 310 0.974 W 177 250 329 409 498 
300 308 0967 1:8 87 124 163 203 247 
400 410 1'288 W 233 326 441 837 | 651 
400 408 1'282 72 113 150 215 266 322 
500 510 1:60 Ww 289 404 öl 665 | 808 
900 509 1:60 Kı| 154 197 257 324 | 394 


8001 6121 1:92 Ww 345 | 480 | 628 | 792 | 969 
ze (712 | 2:28 W 404 | 559 | 733 | 918 | 1115 














800 | 813 | 2:55 W 448 | 642 | 841 | 1057 | 1275 
0 93131 2:87 W 505 | 723 | 947 | 1190 171435 
LOOHE I L0LF-| 318 W 556 | 791 | 1040 | 1299 | 1578 
Height. (b) Loss of heat 
m. 
1 Ü 216 | 305 | 399 | 500 | 607 
W 195 | 275 | 361 | 452 | 548 
Ki A108 145 | » 191. 240 | 290 
2 (6 207 | 289 | 8378 | 473 | 876 


W 186 | 259 | 340 | 425 | 517 
12 92. 129 | 170.) 2 260 


3 C 203 | 283 | 370 | 465 | 568 
W 182 | 253 | 332 | 418 | 506 

IK. 88 | 124 | 162 | 204 | 247 

4 C 201 | 282 | 367 | 463 | 5683 


W 181 | 252 | 330 | 415 | 494 
K 87.|, 128 160 | 202 | 245 
200 | 280 | 365 | 460 | 560 

W 179 | 250 | 328 | 411 | 500 
K 85 | 121 158 | 200 | 241 


I TT—————__ m — 


ER 
Q 














be the losses of heat from the separate vessels. It is evident that 
heat lost from one vessel cannot produce evaporation in the following 
vessels. 
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TABLE 39—(continued). 





Temperature Difference. 
































80° | 90° 100° 110° | 120° | 130° | 140° | 150° 
in calories, per running m. in 1 hour. 
7102 | 820 | 947 | 1077 | 1213 | 1469 | 1517 | 1683 | 1865 
888 | 689 | 793 | 895 | 1038 | 1129 | 1268 | 1404 | 1553 
292 | 356 | 375 | 433 496 | 544 589 | 640 694 
773 | 900 | 1037. | 1170 | 1330 | 1490 | 1658 | 1837 | 2032 
380 | 439 | 494 | 565 659 | 688 764 834 905 
960 | 1015 | 1286 | 1350 | 1649 | 1848 | 2057 | 2272 | 2520 
464 | 535 | 612 | 688 768 | 849 932 | 1017 | 1104 
1148 | 1357 | 1636 | 1722 | 1978 | 2213 | 2463 | 2718 | 2818 
1322 | 1540 | 1774 | 2007 | 2279 | 2551 | 2845 | 3146 | 3639 
1505 | 1746 | 2014 | 2269 | 2601 | 2907 | 3238 | 3595 | 3978 
1693 | 1932 | 2252 2615 | 2927 | 3272 | 3715 | 4047 | 4477 
1762 | 2162 | 2501 | 2820 | 3226 | 3612 | 4017 | 4458 | 4931 
from vertical cylinders per sq. m. per hour. 
Zi6 | 8832 | 965 | 1097 ‚| 1242 — En E— — 
aD 2909| 81 | :98L | 1115 — — — — 
340 | 395 | 450 | 505 564 — — — — 
682 | 796 | 918 | 1042 | 1180 — — — — 
614 | 714 824 | 926 |, 1055 — —- == — 
a2 20 | 5 ee 
668 | 781 | 899 | 1023 | 1157 — = — = 
600 | 699 | 805 | 907 | 1033 — — — — 
291 | 337 ı 384 | 43l 481 -- — — — 
DoD.ı cs ı 896,| 1020 | 1152 _ — — — 
598 | 696 ı 802 904 | 1029 — — — — 
289 | 334 | 381 428 478 — — — — 
665 | 772 | 889 | 1014 | 1145 — — — — 
8938 | 690 |ı 795 | 898 | 1021 - e— — — 
284 ı 328 | 374 | 422 470 — — — — 





























In the double effect the first vessel loses Ü', calories, and since 
these C, calories cannot evaporate anything in the second vessel, as 


much again is lost, z.e., altogether 20, calories. 


in its turn loses (',, calories. 


The second vessel 
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Thus there are lost :— 


In the double effect: 20, + Or 
In the triple effect: 30, + 20, + Our 
In the quadruple effect: 40,+30,+2C + (y. 











TABLE 40. 
Differ- Difter- 
ence in Cast- |Wrought- Donner I a in Cast- |Wrought- a» 
tempera-| iron. iron. PPer. tempera- | iron. iron. er m 
ture. ture. 
0: =D; 
Loss of heat in calories per sq. m. per | Loss of heat in calories per sq. m. per 
hour at the respective differences hour at the respective differences 
in temperature. in temperature. 


20, 200 | ı92 | 138 | 110 | ı612 | 1550 | 986 
30 324 | 312 | 210 | ı20 | 189% | 1652 | 1134 
40 | 456 | 440 | 292 | 130 | 2052 | 1968 | 1952 
50 | 590 ı 570 | 384 | 140 | 2246 | 2156 | 1386 
60 | za | 71o | 475 | 150 | 2485 |- 2380 | 1496 
70 | 907 | 877 | 552 | ı6o | 2725 | 2610 | 1625 
80 | 1074 110834 | 686 | 170 | 2945 | 2820 | 1747 
90 | 1248 | 1200 | 794 | 180 | 3240 | 3100 | 1880 

100 | 1431 |1380 | 901 


| 

















In vertical evaporators the cooling surface per sq. m. of heating 
surface ranges from 0'12-0°36 sq. m., as a rule it is 0:16-0'2 sq. m. 
Example.—In a quadruple effect evaporator, with vessels of equal size, the 


cooling surface = 0'18 sq. m. per sq. m. of heating surface. The temperatures 
are i— 


In vessel - - - - - - T. II. LIT. IN, 
100° 95° 86° 60° 
Thus the temperature differences are - 80° 75° 65° 40° 


If the vessels are of wrought iron, the loss of heat in each, per 1 sq. m. of 
heating surface, is (Table 39) 
0:18 x 600 0:18 x 550 0:18 x 460 0:18 x 253, 
ER 108 99 83 45°5 calories. 
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The whole loss of heat is thus 
4x108 +3 x 99 +2 x 83 + 45°5 = 432 + 297 + 166 + 45'5 = 940°5 calories. 


Therefore the average loss per 1 sq. m. of heating surface in one hour is 


9. 235 calories, which is equal to about 2-3 per cent. of the eflciency. 


4 
In an unprotected quadruple 
effect evaporator of - 300 400 600 800 sg. m. 
The loss of heat is about - 70,500 94,000 141,000 188,000 . calories 
Or about - - - - 130 195 260 345 kilos. of steam 
Or about - - - E 22 33 45 58 kilos. of coal 


per hour. Rather more than less. 


The loss of heat from a large apparatus is thus not inconsider- 
able, and it is very advisable to protect from such losses. 


B. Means for Preventing Loss of Heat and their Efficacy. 


The results obtained in different experiments, which are in 
tolerable agreement, show that the best protection against loss of heat 
is afforded by porous substances, which contain air. The order of 
efficiency, the best first, is as follows : silk, hair, wool, cotton, straw, 
turf, cork, wood, ashes, kieselguhr, sawdust, powdered coke, slag 
wool, mixtures of clay, lime and gypsum, with or without hair. The 
coating should not be too thick or the surface is unduly increased ; a 
larger and cooler surface may easily lose more heat than a smaller 
and hotter surface. The coating should be light, incombustible and 
fairly resistant to external injury. The conductivities of the various 
protective materials, as determined by Pasquay, appear to be reliable ; 
silk waste is the best non-conducting material. 

Pasquay found the following conductivities for heat :— 


Silk - - - - - - - - 0045-0048 
Cow-hair felt - - - - - - 0:057 

Cork shavings - - - - 5 - 0:073 
Chopped turf - - - - - - 0:073-0:0997 
Kieselguhr - - - - - - 0:077-0:144 
Leroy’s mixture - - - - - 0:089-0:125 
Knoch’s mixture - - - - - 0:090-0:240 
Slag wool - - - - - - - 0.101 
Grünzweig and Hartmann’s (Kieselguhr) - 0'122 


Einsiedel’s mixture - - - - - 0:139 
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The coefficient of radiation for the proteetive mass was taken as 
‚365. 

Pasquay also found (Wärmeschutz im Dampfbetrieb, 1895) the 
following amounts of condensed steam in a naked and covered pipe, 
‘other conditions being the same. The temperature of the steam was 
135°C. ; of the air, 13:5°-16° C. (mean, 15°). 

The pipe condensed per sq. m. of surface in one hour :— 


Naked - - = . e - 2:972-3°087 kilos. of steaın. 
When covered with a cushion of 

silk 25 mm. thick - : - 0'446 nr 
When covered 55 mm. thick with 

cork shavings - - - - 0'467 6 
When covered with kieselguhr - 0640-0895 35 
When covered with Leroy’s mixture 

25 mm. thick - 2 E - 0672-0871 Ar 
When covered with Knoch’s mixture 

25 mm. thick - - > - 0845-1:216 En 
When covered with Klehmet’s mix- 

ture - - - - - 1'396 e 


It is to be observed that the composition of the compound non- 
‚conducting materials has considerable influence on their efficiency, 
and that the composition is in reality not always the same. Price 
also influences the choice of a non-conducting material. | 

By using the best protective coating, in the most favourable case 
about 80-85 per cent. of the loss which occurs from a naked pipe 
may be avoided. 

Johannes Russner proposes for steam pipes a double covering of 
tin-plate, fitting tight, which is said to be still better than silk. This 
covering appears to be rather expensive. In this case the widtlı 
‚of the space between thv pipe and its jacket is important, it should 
not be too small or too large ; about 10 mm. is stated to be suitable. 





CHAPTER XX. 
CONDENSERS. 


THE appliances by means of which vapours (or gases) are liquefied 
or condensed are known as condensers. Sometimes the vapours or 
gases are to be condensed at atmospheric pressure, but more fre- 
quently it is desired to produce and maintain a vacuum by means of 
the condensation. In the latter case the condensation must naturally 
be effected in a space shut off from the air. The condensation is 
accomplished almost without exception in the cases under considera- 
tion by the withdrawal of heat, for which purpose cold water is 
generally used, cold air more rarely, since the former is the cheapest 
and most convenient means. It may be used in two ways: either the 
cooling water is injected directly into the vapour to be condensed, or 
the vapour is conducted over surfaces cooled by water orair. Thus 
there are obtained :— 


A. Jet-condensers. 
B. Surface-condensers. 


The former are cheaper and are therefore always used, unless it 
is required to separate the vapours of valuable liquids (alcohol, ether, 
benzene, etc.), or to obtain pure condensed water. 

Of the jet-condensers, which are employed to create a vacuum 
and must therefore be connected to an air-pump, two different kinds 
may be distinguished, naımnely :— 


(a) The so-called wer condensers, from which the air-pump extracts 
the condensed vapours and injected water together with the air and 
uncondensed vapours. The principle of opposite currents between 
vapour and cooling water may be utilised in these condensers, 
but is not of great service. Wet condensers are generally arranged 
for parallel currents. 
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(db) The so-called dry condensers, from which the air-pump ex- 
tracts only the air and uncondensed vapour, whilst the condensed 
vapour and injected water are carried off automatically in another 
way. The principle of opposite or counter-currents is almost always 
applied in this class, and with great effect, thus they are also called 
dry counter-current condensers.! 

Surface-condensers, since they generally require a large surface, 
are almost always tubular ; they are constructed of one or several 
long pipes or of many short tubes. The vapour may then pass 
through, and the cooling water outside, the tubes, but the opposite - 
arrangement is also used. In both cases the whole mass of the 
water may flow slowly, generally upwards (opposite currents), in 
a closed space over the condensing surface. Thus these condensers 
are called closed swrface-condensers. In many cases it is not only 
necessary to liquefy the vapours in the condenser, but also to cool 
the liquid. A cooling surface must then be attached to the con- 
densing surface ; this apparatus is then known as a cooler. If the 
vapour is passed through the tubes and the cooling water allowed to 
flow down outside exposed to the air, the apparatus is known as an 
open surface-condenser. 


A. Jet Condensers. 
1. General. 


When a definite weight of steam at a determined pressure is 
admitted into a condenser, perfectly closed and quite empty, and 
suffieient cold water is injected, almost the whole of the steam is 
converted into water and the injected or cooling water becomes con- 
siderably hotter by the exchange of heat. After the condensation 
there remain in the condenser: warm water, and over it, an ab- 
solutely empty space, in which the pressure would be zero (1.e., & 
vacuum of 760 mm.) if the space were not immediately filled by :— 

(a) The vapour, evolved by the warm water. Its tension, which 
depends on the temperature of the water, is always known. 

(b) Air, which is always introduced into the condenser along with 
the steam and cooling water. 

1It will be seen that the differentiation of jet-condensers into “ wet’ and 
“dry” in no way corresponds to the true meaning of the words. These expres- 


sions have been once introduced and are now almost universally employed in 
interested cireles. We might propose to call “dry” condensers fall-pipe condensers. 
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If, as a matter of reality, no air at all entered the condenser, after 
the condensation there would be in the condenser only water and 
vapour at a pressure corresponding to the temperature of the water. 
Since, however, air is always introduced by the steam and water, to 
this vapour pressure is to be added the pressure of the air introduced. 
The pressure in the condenser is then the sum of the pressures of air 
and vapour. 

Warm water, which has been used for condensing, then artificially 
cooled and again led into the condenser, contains little air, but still 
always some quantity. 

In a closed vessel, partially filled with hot water, in which a 
considerable air pressure is produced by artificial means, the water 
would still evolve steam of a pressure corresponding to its tempera- 
ture, which would increase by its own amount the pressure already 
existing. 

The air-pumps are used to exhaust as rapidly and completely as 
possible the air introduced by steam and water, so that there may be 
in the condenser only the pressure of the steam, which depends on 
the temperature of the water. 

The pressure in the condenser should be as low as possible, for 
as it decreases the boiling point also falls and the evaporative 
capacity of the heating surface in the vacuum increases. 

There can be no intention of exhausting, by means of the air- 
pump, the vapour formed from the water together with the air, in 
order to increase the vacuum, since the volume of this vapour is 
so great that it cannot be dealt with by pumps of reasonable size. 
If it were desired to exhaust steam from the eondenser with the air- 
pump, and thus to form fresh vapour from the water, which process 


would cool the warm water and so produce a higher vacuum, the 


air-pump would have to be of quite impossible dimensions. 


Example. —In order to condense 100 kilos. of steam, under certain eircum- 
stances, 3030 kilos. of water are required, which become heated from 15°-35° ©, 

In order to cool these 3030 kilos. of water through 5° C. (to 30°) it would be 
5,150 
580 
Now 1 kilo. of steam at 30°-35° C. has a volume on the average of 28,750 litres, 
thus 26-1 kilos. measure 750,375 litres. Such great volumes can naturally not be 
pumped out in a short time. 

It is therefore necessary to restrict the operation to removing the air alone 


= 261 kilos, 





necessary to deprive them of 15,150 calories, i.e., to evaporate 2 


from the condenser as completely as possible. 
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Since the pressure in the condenser is always the sum of the 
pressures of air and steam, it follows that the pressure of the air 
is found if that of the steam be deducted from the total pressure. 
The pressure of the steam is, however, dependent on the temperature 
of the injected water when warmed 
by the condensed steam, since the 
two are in contact. 

The temperature of the water 
at different parts of the same con- 
denser is different, so must also 
be the pressures of the steam 
and air. The total pressure can- 
not be the same in all parts of 
the econdenser, because currents of F 
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but this total pressure must always 
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pipes between the evaporator and 
condenser naturally absorbs & . 
certain amount of pressure. 

There must be a somewhat 
higher pressure in the evaporator 
than in the condenser, in order 1 
to impart their velocity to the 
exhausted vapours. This differ- 
ence of pressure will be the less, 
the shorter the conneeting pipe 
and the slower the movement of 

Fıc. 14. the steam in it. On this subject 
see Chapter XV. 

The higher the temperature of the water in the condenser at the 
place where the air is exhausted, the higher is also the corresponding 
With a fixed total pressure in the 
t be lower (i.e., & definite weight 
lume, which is to be removed 


I) 
ii 


| 
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I 
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vapour pressure ab this point. 
condenser, the tension of the air mus 
will occupy & proportionately larger vo 
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from the condenser) the warmer was the water with which it was 


last in contact. 

Thus it follows that, other things being equal, 
the volume of air to be extracted is least when 
it was directly or indirectly in contact with cold 
water at its removal from the condenser. This 
is the case in opposite current and surface- 
condensers, whilst in parallel current condensers 
the warm water goes into the pump in common 
with the air and steam. 

The amount of cooling water used in a 
condenser must always be so great that the 
temperature of the waste water is somewhat 
lower than corresponds to the vacuum, since 
only then can the vacuum in the condenser be 
maintained somewhat higher than in the evapo- 
rator (l.e., the pressure somewhat lower), which 
we found to be necessary. 

In wet (parallel current) jet-condensers the 
steam enters the closed condenser at the top, 
together with the water in the finest spray, and 
both move downwards with diverse velocities. 
The steam then gives up its heat to the cooling 
water and is liquefied, the cooling water takes 
up this heat and becomes warmer. The veloeity 
of the steam diminishes in its downward path 
to zero, the velocity of the water increases 
downwards in accordance with the laws of 
falling bodies. Air, water and uncondensed 
gases collect at-the lower part of the condenser 
and are exhausted by the air-pump. 

Wet condensers are constructed in many 
different ways. Fig. 14 indicates one construc- 
tion, which is quite practical and permits of the 
necessary injected water being pumped direct 
from a well. 

Opposite currents may also be arranged in 
a wet condenser, by admitting the steam below 





Sr 
re 
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Fi. 15. 
Fall-pipe Condenser. 


and exhausting the air above, by which means the latter, since it is 
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last in contact with cold water, may be removed colder, which is in 
itself an advantage. However, the air in the pump cylinder, or even 
earlier, is in contact with the warm water, above which is steam of 
corresponding pressure. Thus an advantage of this construction can 
hardly be recognised, for the air is intimately mixed with the water 
and very rapidly acquires its temperature, when the condition of things 
is then the same as if air and water were exhausted by the same 
passage. The pressure in the wet air-pump, which is still in question, 
is always dependent on the temperature of the water pumped out. 

In dry (cownter-current, fall-pipe) condensers the steam enters 
below and the cooling water in fine spray above. The steam rises 
with decreasing velocity, the cooling water falls. It is endeavoured to 
arrange that the cooling water, when it leaves, shall be as nearly as 
possible at the temperature of the entering steam and the air as 
nearly as possible at that of the cold water. It is often assumed 
that the temperature of the steam is the same throughout the con- 
denser, which cannot, strietly speaking, be the case. From the 
bottom of the condenser the injected water and condensed steam 
flow away spontaneously through a vertical pipe at least 10'7 m. 
long. In the most favourable case the pressure in this condenser 
corresponds to the temperature of the cooling water as it enters. 

Dry condensers also may be constructed in different ways. 
Fig. 15 shows, with details omitted, an ordinary design, which is 
quite clear without further explanation. 


We shall next consider separately the factors which affect the 
dimensions of jet-condensers, and then use the results in deter- 


mining these dimensions. 


2. The Necessary Quantity of Cooling Water. 

The quantity of cooling water required in each case depends in 
particular on its original temperature, on that at which it is to leave 
the condenser, and, finally, on the total heat of the steam, which 
depends on the vacuum to be produced. 

Let D = the weight of steam to be condensed, in kilos., 

c = the total heat of 1 kilo. of this steam, 
W = the weight of the cooling water in kilos., 
t, = original temperature of this water in °C., 
t, = the final temperature of the waste water after the con- 
densation. 
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Then MU - (WED . . 2 2. DD) 
Thus the weight of cooling water, 
w- 26 -% (176) 


Example. —D = 100 kilos. of steam are to be condensed by water at {„ = 10°, 
so that the waste water is at 4, = 40°. How much cooling water is required ? 
At 40° ©. 1 kilo. of steam has c = 618°7 calories, therefore 
D(c - ti.) _ 100(618-7 — 40) 
ed 40 - 10 





W= — 1929 kilos. 


T'hus in this case W = 1929 kilos. of cooling water are necessary. 


It is occasionally convenient to have these data at hand, accord- 
ingly Table 41 has been drawn up, giving the number of kilos. of 
water required to condense 1 kilo. of steam under various conditions 
— water injected at temperatures of 5°-40° C., and waste water at 
20°-60°C. "The heat of the steam is taken throughout at c = 630 
calories, whilst in reality it varies somewhat in each case. 


3. The Diameter of the Water Supply Pipe. 


The diameter of the pipe, which conveys the water to the con- 
denser, depends on the quantity to be supplied in unit time and on the 
pressure with which it is injected into the condenser. The quantities 
of water necessary in each case may be taken from Table 41, the 
available pressure depends on the special conditions of each installa- 
tion and may vary greatly. If the water tank (or well) is at the 
same level as the condenser, the whole excess of the pressure of the 
atmosphere over the pressure in the condenser is available for drawing 
the water into the condenser. If there is a vacuum in the condenser 
of 700 mm. of mercury, corresponding to a water column of H = 9:525 
m., then the head of water in this case is also h,= H = 9'525 m. 
If the water-tank is at the height %h, above the condenser, then this 
difference in height is to be added to the vacuum expressed as a 
head of water. The total head is then J,,=H+h,. I the water 
is at a lower level than the condenser, viz. at the distance h, below it, 
then the pressure of the water is equal to the difference of these 
heights: ,=H-h,. The heights h, and h, must always be 
measured from the point where the water enters the condenser. 
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Tage 41. 
The weight of cooling water, W, required to condense 1 kilo. of steam. 


Tempera- 








ture of the Temperature of the waste water, t., in °C. 
injected 
water, la. 
5 20° | 25° 30° | 35° 40° 45° 50° 55° 60° 
je} 2 | 























Weight of injected water, in kilos., required for 1 kilo. of steam. 














5 44:3 | 30 | 23-8 | 19:7 | 167 | 14-5 | 12-7 | 11-4 |10-3 
6 43:2 | 315 247 | 20:5 | 172| 149 13 |11-6 |105 
7 46:5 | 33-3 | 256 21-3 | 178 | 15.2|13-3 | 11-8 | 10-7 
8 50-5 | 353 a7 |22 | 1883| 15:7 13-7 | 12-13] 10-9 
9 55 |3r5 | a8 | 189 11a 194 l1rı 
10 60:5| 40 | 29:3| 24 | 196 | 16-4 | 14-4 | 12-7 | 11-3 
11 66:2 | 42-9 | 313 | 2346| 20 |ırılıes|ı3 115 
12 75:6 462| 33 | 256 | 20°9 | 17-6 | 15-1 | 13-25 11-8 
13 86-4150 |35 | 265 | 21-3 | 181 | 15-4 | 13-6 |12 

14 Hıoı |55 |sra|ası) 2325| ı9 116 Jıa [193 
15 121 | 60 |396| 29-5 | 23-4 | 19-7 |164 | 1425| 12-6 
16 Jı52 |66 \425|31-1| 24-1| 20 116-9 | 14-6 | 12-85 
ı7 -jaoa |75 \a56| 33 | 3254| 2071174 15 |1315 
ı8 .|303 | 86 4196| 34-5| 26:6 | 21518 |154 |134 
19 — [100 | 541| 365) 27°8| 22-3 |185 |16 |138 
90 —_ 1120 | 595| 39:5! 29-3 | 23-2) 191 [16-3 | 141 
21 — 1150 |65 |421\308| 241/198 |17 |145 
92 — 200 | 744| 45-4 | 32-4 | 25-1 | 20:6 | 17-3 | 14-8 
23 — 1 — | 844|495| 34-4 | 264 | 21-3 |178 |15-3 
24 — | | 9932| 53-6 | 36-5 | 27-6 | 22-1 |18-4 | 157 
95 — | _— us |59 |s85| 293/28 19 |16 

96 —_ | _ I1aı9 |656!| a2 | 30-5 | 23-9 | 19-6 | 16-4 
27  \_- | |743]45 |52235 806 04 
28 —_ 1. | 1808| 49 | 841 BEAT 
29 — | | |983| 53-2| 36-2 | 27-4 | 21-5 |18-2 
30 —_ | | — |147 | 58:5 | 38-6 | 2875| 22-4 | 192 
31 — | | lior |65 | 41-4] 308 1958 110% 
39 ul 1 |78 A000 Tee 
33 |. | — | — | 9757483 | 388 | 254 120% 
34 N ee ae ee 
35 EEREE RE EEE 50030. 
36 in nf mu 1 a a 
37 me en TE) Tree 
Er ee a a a eo 
39 MEI EEE En a ee 0 0 

40 le el een 
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If it is desired to avoid foreing the water into the condenser by 
means of a pump, the apparatus must never be arranged so that 
H = h, for a certain excess of pressure is required to overcome 
the resistance to the movement of the water and to give the water 
a definite velocity. This excess of pressure should never be made 
less than 3 m., and more would be better. 

The dimensions of the water supply pipe for the different cases are 
to be found in Chapter XVIII. and Table 36. 


4. The Waste-Water Pipe (Fall-Pipe) of the Dry Condenser (Fig. 15)- 


The fall-pipe of the dry condenser is used to conduct away 
continuously the condensed steam and the water used to condense it. 
Since there is a more or less complete vacuum in the condenser, 
the pressure of the external atmosphere will keep the water in the 
fall-pipe at a corresponding height, just as it supports the mercury 
in the barometer. 

The pressure of the atmosphere is equal to that of a column of 
water 10'336 m. high at its maximum density, 2.e., at 4° C.; it is 
1'0336 kilo. per sq. cm. Since, however, there is never a complete 
vacuum in the condenser, the height at which the column of waste 
water is kept by the atmosphere is always less. If 5 be the vacuum 
in the condenser measured in mm. of mercury, and the temperature 
of the water 4° Ö., then the height of the column of water in the fall- 
pipe is, in metres, 

b 


Now the waste water is always somewhat warmer than 4° C,, 
hence its specific gravity is less and its volume greater; the column 
of water must accordingly be higher in proportion. 

According to Volkmann (1881), the volume of water, V,, when it 
is unity at 4° O., is :— 


At 4 30° 40° 50° 60° 10%, 
17 25:07 15004257 1.007700 ..1:01197 7.016942 1702281 
At 80° 100° ©. 

= 102891 104323 
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The height of the water barometer at vacua of 570-750 


'] Vacuum, mm. „mercury 
Temperature, ° C. - - - - - 
Water barometer, mm. at 4 C. - - 
Water volumes at above temperatures - - 
Water barometer, mm., at above temperatures - 











The velocity of fall of the water, v„, and the quantity 





Diameter of the pipe, mm. - - - - 














The head, A = 0:10 m. - -) = 
The length of the fall-pipe, =! 
10117 + 100 +500 = 10717 mm. 





The head, = 0:20 m. - Sun 
The lensth of the fall-pipe, =; 
10117 + 200 + 500 = 10817 mm. 

















The head, k = 0'30 m. - a = 
The length of the fall-pipe, ! = 
10117 + 300 + 500 = 10917 mm. 





The head, h = 0'40 m. - .) de = 
The length of the fall-pipe, ! = 
10117 + 400 +500 = 11017 mm. 








100 125 150 
0:63 | 0-66 | 0-695 
)w-| irs | 293 | 42 
089 | 0-93 | 0-98 
w=-| 252 | 408 | 69-65 
1099| 1210| 21 
Iw-| 308 | a82 | 769 : 
1365| 133 | 140 
Jw=| 50 | 585 | 4 


The height of the water barometer, H = 10'117 





Thus the height of the column of water when at rest is, more 
accurately, for each vacuum each temperature, 


Zi, 336,0, 


V, = 0:01365V,, 


(178) 


Now the fall-pipe must convey a certain quantity of water in 
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TABLE 42. 


mm. of mercury and at the corresponding temperatures. 





668 705 718 728 736 742 750 
50 40 35 30 25 20 10 
9085 9592 9768 9902 10016 10100 10212 
1:011877 |1:007627 | 1:00593 | 1:00425 | 100300 | 1:00173 | 100090 
9184 9665 8817 9944 10046 TOT 10212 




















of water, W, flowing away, in cub. m. per hour. 























17 200 295 250 300 350 400 450 
070 074 0755| 076 0735 081 081| 0815 
60:5 | 83-7 | 103-5 |1344 |199-5 | 280-5 | 3662 | 466-5 
100| 104! 106| 108 11 1-18 1:14’ 1-15 
86-4 | 1175 | 1450 | 190°8 | 282-2 | 391-3 | 575-4 | 658-8 
125/| 1328| 1300| 132) 13|I 1383| 1240| 141 
108-0 | 144-3 | 177-8 | 234-1 | 355-9 | 477-9 | 633-0 | 807-0 
14| 14| 1501 153| 157 1:59 1:61 1:63 
124-4 | 1662 | 2052 | 270-3 | 399-0 | 552-4 | 797:9 | 933-0 























m.; the addition for safety, s= 0'5 m. 


unit time, therefore the water must attain a certain velocity of fall, 
which can only be imparted to it by a certain head, h. 
This head, "h, is that column of water, by which the water must 


stand higher in the fall-pipe than the difference between the external 
atmospherie pressure and the absolute pressure in the condenser. 
It is designed in the first place to overecome the resistances offered 
to the downward flow of the water, and, in the second, to impart 
the necessary veloeity to the water. 
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If this head of water, h, be assumed for a definite case, the 
velocity of the fall of the water, and hence the quantity of water, 
which flows through a pipe of known section in a certain time, are 
found from well-known formuls [Chapter XVIII., Equation (162)]. 
Or, inversely, a certain velocity of fall may be required, and the 
head, h, necessary to create this velocity may be calculated ; since 
we have adopted the plan of always calculating the efficieney of 
apparatus of known dimensions, the former course is taken here. 


Let (compare Fig. 15) 
H = the height of the water in the fall-pipe maintained by 
the vacuum, 


h = the head of pressure, then 7 + h = the length of pipe tra- 
versed by the water in metres, :.e., the theoretical 
height of the fall-pipe, 

v, = the velocity of fall of the water in m. per sec., 

d = the diameter of the pipe in m., 

&, = the coefficient for the resistance of the water on entering 


the fall-pipe = 0'505 (see p. 180), 
A = the coefficient for the frietion of the water against the walls 
of the pipe (see p. 180), 
then the following equation holds good :— 


m 2: 
wer 


H + h, the length of the pipe traversed by the water, we may 
assume for purposes of caleulation, with a slight error, to be always 
10 m., we may then, by inserting various values for h, determine 
the resulting velocity of fall, v,, for all diameters of the pipe, d, to be 
considered. 

In Table 42 may be found the veloeities of fall ealeulated from 
equation (179), and thence the quantities of water flowing in one 
hour through the fall-pipe, for pipes of diameter d = 100-450 mm., 
and for heads, h, of 0:100-0°400 m. 

The waste water thus always stands in the pipe at the height H + h 
above the lower level of the water. However, this position of the water 
is not steady, but rises and falls in consequence of slight variations 
in the vacuum and in the water supply. Safety also demands that 
there shall be a certain space, s, above the water in the pipe, so that 
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the water may never collect in the condenser. 'Thus the fall-pipe 
must have at least the height, = H +h+s. The length, s, may 
be chosen as desired ; it has been taken as 0°5 m. 

With these assumptions there are given in Table 42, for various. 
degrees of vacuum, pressure heads and diameters of pipe, the lengths 
of the fall-pipe, !, and the quantities of waste water, W, per hour. If 
the length of the waste pipe be increased its diameter may be decreased, 
and vice versä. In making the choice of a diameter of pipe for a. 
definite quantity of waste water, a high vacuum (750 mm.) in the - 
condenser will naturally be assumed. 

The mean atmospheric pressure at the level of the sea is 760 mm. 
of mercury. At inland places, which always lie higher, it is less, but, 
may there even reach 780 mm. 

The vacuum in the condenser will rarely be higher than 740 mm., 
but it would be well to calculate for a vacuum of at least 750 mm. 

In order to facilitate the entry of water into the fall-pipe, it should 
commence with a conical portion connected to the convex (downwards) 
bottom of the condenser. The angle enclosed by the sides of the cone 
should be 30°. 


5. The Distribution of the Water in the Condenser. 


After determining the weight of water required to condense a 
definite weight of steam, it is necessary to calculate the dimensions. 
of the appliances for distributing the water in the condenser. 

There are two prineipal methods used for distributing the water :— 

(a) The production of a falling sheet (veil) of water by overflow: 
over a straight or circular edge (sill). 

(d) The production of water jets or drops by means of flat plates, 
provided with a rim and perforated by holes, by means of perforated 
pipes, roses, etc. 

(a) Overflows.—The following equation may be used to determine 
the quantity of water which passes over an overflow in one hour :— 


W = 2ubh N2gh 3600 x 1000. . . . . (180). 
in which 
W = the quantity of water flowing over in litres per hour, 


a = & coefficient of contraction, which we shall take as 0°6, 
excluding the not very considerable alterations due to: 
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shape and inclination of the edge by selecting an 
average Section, 

= acceleration of gravity = 9'81 m., 

h = the head in metres, 

b = the width of the overflow (sill) in metres. 


Q 
| 


If the constants in equation (180) be replaced by their numerical 
values we obtain 


W = 6,400,000b Jh? (approx) . . . . (181) 


By means of this equation the necessary dimensions may be 
calculated for any case, but in order to avoid this caleulation the 
quantities of water, W, in cub. m. per hour which pass over sills of 
b = 0'5-5 m. in width, with heads, h, of 0:005-0:050 m., are given 
in Table 43. 
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Ezxample.—If the width of the edge of the overflow (ü.e., the length of the 
sill) be b= 3 m., the head h = 0:020 m., then the quantity of water flowing per 
hour is 

W = 6,400,000 v (0:02)? = 54,240 litres. 

(b) Sieves —The quantity of water, in litres, which flows in one 
hour through a hole of diameter d decimetres in the bottom of a 
vessel, in which the water stands at the constant height, h, without 
regard to all the contractions which diminish the rate of flow, is 


UT a 
W= ID Ngh 3600 litres... . % a (AS) 
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TABLE 43. 


' The quantity of water, in cub. m., which flows in one hour over 
sills 0'5-5 m. wide, with heads of 5-50 mm. 





Head, /, in mm. 





Width of 
overflow, b) 10 15 20 25 30 | 40 50 
b. 





Quantity of water flowing over, in cub. m. per hour. 


_ 
BD 





18:5 | 36°7 
19-2 | 38:0 
20-L | 392 
210 | 40°5 
21:1 | 42:6 
216 | 43:0 
224 | 44:3 
23:0 | 45°6 
23:7 | 468 


73:6 | 964 | 148-6 | 205-7 
76:1 | 99:7 | 153-7 | 213-8 
78-6 | 103-1 | 158-9 | 220-9 | 
81-2 | 106-4 | 164-0 | 228-0 
169-1 | 235-2 
86-2 | 113-0 | 1742 | 249-3 
88-8 | 116-4 | 179-4 | 249-4 
91-3 | 119-7 | 184-5 | 256-6 
93-9 | 123-0 | 1896 | 263-7 


05 2790 | 768: .950 1265| 166,2 
0:6 207908 5 7:6:| 10:8: 1.192.) 199780 7227 
0:7 9, 2242| 88 127|ı 77 | 3832| 3583| 498 
0:8 E70232 10T.) 145 | ..203-| 1 26:6 | FARO 97.0 
0:9 202, 9:0, 464 | 16:3| 22:8 1.299) A6ıl 641 
EU 2204| 126) 181 | 253 |, 332 | 512 | 72 
1 22120200189 | 199.) 2469| 365 |, 868 78:4 
172 26, 76 152,207 | 304.| 399) 6105| 858 
1:3 2939| 83 | 1041| 235 | 329 | 432 | 667 |. 936 
14 ed lrT | 2084| 3955| 465 | Tezı 987 
65, Ba) 36 | 19:0 2727| 380 | 49:8 | 76:8 | 1069 
1:6 9 | 210091.20:2 1 29:0°| 740:6 , 532°) 82:07. 129 
u Bra, | 30:8. 243. | 568, Bel een 
18 20 7171:5 | 22:8 32:6.) 45:6 | 598) 922272832 
129 42 | 12:1 | 240 | 344 | 482 | 631 974 | 1354 
2:0 22 nl | 253 | 86:2) 507 | 665 | 102513 
2:1 20 19.4266 | 88:1 | 582 | 698 | 107:6°1.149:6 
2:2 23 21 7278 309 ).868| 781 02717568 
2:3 Dale a7 29.) AT | 883 | 76:5 1117.97 1659 
2:4 03 | 15°3 | 30.4 | 43-5 | 60:9 | 79:8 | 123-0 | 1710 
2:5 858 | 16°0 | 31:6 | 453 | 634 | 82:5 | 128-1 | 178-2 
2:6 98 | 16.6 | 32:9 | A711 | 659 | 852 | 1833 | 1853 
2:7 6:0 | 17:3 | 34:2 | 48:1 | 685 | 89-2 | 138-4 | 1914 | 
2:8 6:2 | 179 | 3854 | 492 | 710 | 931 | 148-5 | 1995 
2:9 6.4 

30 6°6 

31 69 

32 fg | 

33 7:3 

34 7:5 

3 7:8 

36 8:0 

Sl 82 
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TABLE 43—(continued). 





Head, A, in mm. 











Width of 
overflow, 5 | 10 | 15) 
b. 





JEIEIEIE 





Quantity of water flowing over, in cub. m. per hour. 


ran 
=] 
» 


4:3 ı 48:1 | 68:9 | 96°4 | 126°3 |ı 1948 | 2708 
4:9 | 494 | 707 | 989 | 129 7 op 
8:6: | 506) 72:5 | 1015 | 1330] 2050 72353 
6-2 | 519 | 74:3 | 1040 | 136°3 | 210.1 | 292-2 
6:9 | 532 | 762 | 106°5 | 139:6 | 2155) 2503 
75 | 544 | 78:0 | 1091 | 143-0 | 220-4 | 306°5 
557 | 79:8 | 1116 | 146°3 | 2255) 918:6 
| 28:8 | 57:0 | 81:6 | 114-1 | 149.6 | 230:6 | 3207 
ı 294 | 58-2 | 83°4 | 116°7 | 153°0 | 235°8 | 3278 
| 30:L | 59:5 | 85:2 | 119-2 | 156.3 | 2403| 3350 
30:7 | 60:8 | 87:0 | 121°8 | 1596 | 246-0 | 342-1 
ı 31:3 | 62:1 | 88-9 | 1243 | 1623 | 2511 | 3482 
32:0 | 63:3 | 90:7 | 126-9 | 165-1 | 2563 | 9964 
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This theoretical amount of flow is, however, diminished by the 
shape of the opening, the form of the edges of the orifice, the 
roughness of the walls of the hole and the thickness of the bottom, to 
such an extent that in reality only a fraction of the theoretical quantity 
‚of water can flow through the hole. The holes to be considered here 
are such as are bored without any great care in the sieve-plate. The 
amount of flow is also affected in high degree by the violent motion in 
which the water is kept, before its escape, by the supply of fresh water 
falling into the sieve. 

Thus since it cannot be assumed that the quantities of water, even 
when caleulated by well-known formuls# with regard to the contractions, 
are realised in practice, we have determined by direct observation the 
quantities of water which flow through holes of 3, 4, 5, 6, Tand 8 
mm. in diameter from vessels which are kept constantly filled with 
water to heights of 10, 15, 30, 40, 50 and 200 mm. It was found 
that the real amounts of flow were very different in each case from 
those calculated without regard to all the disturbing influences—to 
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TABLE 44. 


(a) The volume of water, in litres, which runs from a sprinkler in one 
hour through holes 2-10 mm. in diameter, with the water at 
heights of h = 10-200 mm. (Taken at 15 per cent. less than 
the calculated.) 

(b) The number of holes of 2-10 mm. diameter required to pass 4-300 
cub. m. of water per hour, when k = 10 mm. 





Diameter of the holes in mm. 
% 





Height 
































of the SEES EEeNnenze: 
water | | | | | 
on the = 
Sieye, h. (a) The volume of water, in litres, flowing through one hole 
in one hour. 
mm 
10 4:78 ) ER 27 38 ı 52 | 68 | ss | 106 
15 5.2 IH 20 3l 47 | 64 | 83 | 105 | 130 
30 746| 16 29 | 45 | 65 | 87 |.100 | 149 | 184 
40 85 18 34 99 | 77. | 104 | 186 1727 ie 
50 9:67| 24 33 | 59 | 86 | 120 | 153 | 196 | 249 
AU IE| AA .76 | 119 | 171 | 227 | 300 | 402 | 497 
Hourly 
flow of 
water. (db) The necessary number of holes, », when the water stands 
k at the height, ı = 10 mm. 
cub. m 





| | | | 
4 | 8402| 4983| 9235| 150| 105) 77| 59) 46| 38 
6 | 1263| 6834| 8353| 2926| 157, 115| 88 70| 56 
8 | 1684| 846 470) s01| 210| 1584| 118| 98] 7 
10 | 2105| 1057| 588| 376 262) ı192| 147| 116| 94 
15 | 3158| 1585| 882| 564| 393| 289) 220| 175| 141 
20 | 4210| aaı4| 1176| 752, 524, 382| 294| 232| 148 
25 | 5264| 2643| 1470| 940 655, 481| 367| 291| 236 
30 | 6315| 3171| 1764| 1126 786) 576) 441| 348| 282 
35 | 7368| 3699| 2058| 1316, 917 | 672| 514 406| 329 
40 | 8420| 4228| 2352 | 1504|1048| 768 588| 464| 376 
50 |10597| 5285| 2940 | 1880/1309 | 962| 734| 582 472 
60 |12630| 6342| 3528| 2256 1572 1152| 8832| 696| 564 
70 |14735| 7399| 4116| 2632| 1834 |1344|1029| 812) 658 
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TABLE 44—(continued). 


Diameter of the holes in mm. 





Hourly 2 3 4 5 6 7 8 9 10 
flow of 
water. 





(db) The necessary number of holes, n, when the water stands 
at the height, = 10 mm. 


cub. m. 





80 116840 | 8456 | 4704| 3008 | 2096 | 1536 | 1176 | 928 
90 118947 | 9513| 5292| 3384 | 2357 | 1730 | 1322 | 1046 
100 21053 | 10570 5880 | 3759 | 2618 | 1923 | 1468 | 1163 
125 126362 |13212| 7350 | 4699 | 3272| 2404 | 1832 | 1454 
150 |31580 15850 | 8820 | 5639 | 3927 | 2885 | 2202 | 1745 
175 136889 | 18497 | 10290 | 6579 | 4581 | 3366 | 2566 | 2036 
200 |42106 21140 | 11760 | 7518 | 5236 | 3846 | 2936 | 2326 
225 147415 | 23782 | 13230 | 8458 | 5890 | 4327 | 3300 | 2617 
250 |52733 | 26425 | 14700 | 9398 | 6545 | 4808 | 3670 | 2908 
275 157942 | 29062 | 16170 | 10338 | 7199 | 4289 | 4034 | 3199 
300 [63160 | 31710 | 17640 | 11278 | 7954 | 5770 | 4404 | 3490 


























such an extent that they were 1-30 per cent. less. The mean 
difference in the flow from that calculated without regard to the 
contraction was 8'3 per cent. less. 

In Table 44 are given the probable amounts of flow, as shown by 
the experiments, through holes of 2-10 mm. diameter in one hour, 
when the water stands upon the sieve at heights of 10-200 mm. 

Since it is always known how much water per hour is to be 
sprayed into the condenser, the number of holes required in the 
sieve can be at once caleulated by the aid of this table. The sieve 
naturally passes the more water, the greater the height at which it 
stands on the sieve, so that the height of the water itself regulates 
the varying supplies of water required in working every condenser. 

Table 44 also gives the number of holes, n, of 2-10 mm. diameter, 
necessary to transmit 4-300 cub. m. of water per hour, when the water 
stands at a height of 1O mm. If the water stands at any other height, 
h,, in metres, the necessary number of holes in the sieve is then 

„0010 Oln 
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Accordingly, if n holes are necessary to pass a certain volume of 
water, when the height of the water is 10 mm., the number of holes, 
N,., required to pass the same quantity of ler, when it stands at 
some other height, h,, is 


h,= 15 30 40 50 200 mm. 
N. = 0°82n 0-58 0'5n -» 0447n 0:224n 


6. The Diameter of the Steam Pipe. 


The weight of steam, D, to be condensed in a certain time is known 
in each case, as also the desired vacuum. The diameter of the pipe 
conveying the steam can therefore be found from Table 32 (Chapter 
XVII.). Itis there assumed, in caleulating the bore of the pipe, that 
it is 20 m. long, and that the loss of pressure is 0:5 per cent. If the 
pipe leading from the evaporator to the condenser has another length, 
l., the weight of steam passing with 0'5 per cent. loss of pressure is 


obtained by multiplying that given in Table 32 by N = If a greater 


loss of pressure is allowed in order that a narrower pipe may be used, 
the weight of steam passing through the pipe with z, per cent. loss of 





pressure is obtained by multiplying that given in Table 32 by 


For another length, /,, and another loss of pressure, 2,, the weight 
of steam passing through the pipe in one hour is obtained by multi- 





plying the weight in Table 32 by N) 407. 

Example. —Through a pipe 20 m. long and 200 mm. in diameter, at a vacuum 
of 750 mm., and with 0:5 per cent. loss of pressure, 124 kilos. of steam pass in one 
hour. Through a similar pipe, /« = 30 m. long, and with 5 per cent. loss of 
pressure allowed, pass 


D = 194 a - — 124 a IE —= 31847 kilos. of steam. 





7. The Diameter of the Air Pipe. 


The diameter of the pipe leading from the condenser to the air- 
pump is determined by the hourly weight of air to be exhausted, which 
we assume (somewhat extravagantly, see Chapter XXIII.) to be 0:25 

15 
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kilo. per 1000 kilos. of injected water. Table 35 gives the weight of 

air passed through pipes of various diameters, 20 m. long, with 0:5 

per cent. loss of pressure, in one hour. For any other length, /,, and 

another loss of pressure, 2,, the weights given in Table 35 are to be 
402, 


multiplied by N ] - in order to obtain the weights of air conveyed 


under these conditions. 





8. The Heating of the Injected Water. 


The injected water is heated through the medium of its surface by 
the steam, with which it comes into direct contact. The greater the 
surface of a quantity of water in proportion to its volume, the more 
rapidly will it be heated by the surrounding steam. With regard to 
this point, the division ofthe water in the jet-condenser may be effected 
in four different ways :— 


The ceooling water may flow over surfaces across which passes the 
steam to be condensed. 

It may fall down in plane or curved sheets, which are in contact 
with the steam on both sides. 

It may fall in jets into the steam in the condenser. 

It may be sprinkled into the condenser in the form of drops. 


The ratio of the surface of the water to its volume depends on the 
thieckness of the sheets of flowing or falling water and on the diameter 
of the jets or drops. The following short Table 45 has been arranged 
in order to form an idea of these conditions. The ratio is given of the 
surface (0) in sq. mm. to the volume in cub. mm. (i) for thicknesses (8) 

or diameters (6) of 2-10 mm. 
Of the conditions considered here, assumed by the water in the 


ONE 
condenser, the ratio of the surface to the volume (=) is the least in 


the case of water flowing over surfaces and the greatest in the case 
of spherical drops. Thus water divided into drops will ceteris paribus 
most rapidly acquire the temperature of the surrounding steam in a 
condenser. Regarded from this point of view, it would be best to 
spray the water into the condenser in the smallest drops possible ; but 
this is not easily effected, since it is difficult to divide water up into 
uniform drops. 


Ze un Zu u 2 
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TABLE 45. 
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The surface and volums, and their ratio, of flowing and falling 
sheets, jets and drops of water. 







Thickness or 
meter, Ö 













Surface of sphere 








502 | 78:5 |113-08| 15392 201°04 25447 










Volume of sphere 














Surface of jet - 





Volume of jet 








Sheet (flowing) 


&.| oO 


0°5 





Sheet (falling) 





10 





DD 





Drop - 





Sheet (flowing) - 





Sheet (falling) 














| 35:51 | 65:43 |113* 08 179:6 | 268:07 381°8 


| 


| 
50:2 | 78-5 |113-08| 15392 201-04| 254-4 | 


025 092 0:1667 0:1429 0-125 | 0-111 











0°5 0:4 |0-333  0:2859 0:25 | 0'222 





1:0 | 0:80 | 0:666 |0:5718| 0:5 |0-4447 





























523.58 








314- 16 
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All methods of distributing water are employed in condensers ; 
thus it is important to consider each, and to see what time each re- 
quires in order that the injected water may be heated from its original 
low temperature to the desired higher temperature. 

In most cases heat is transferred to liquids by means of oveneui 
eireulations and currents, naturally or artificially produced in them; 
but in this case, in which the water falls free, such movements cannot 
be assumed, since, apart from the frietion exerted by the steam on its 
surface, and the motions due to the vibrating opening of the orifices, 
only gravity acts upon the particles of water. This force, on account 


of the complete uniformity of its action on all parts, cannot cause 


internal movements. Thus the heat is transferred from the exterior 
to the interior of the masses of water principally by conduetion. 
The conductivity of water for heat is very low. According to 
several concordant researches its coefficient, A = 0'093 gram-calories 
(i.e., per 1 sq. cm., 1 minute, 10 mm. thickness of the water layer and 
1° C. difference in temperature on the two sides of the mass of water) or 


1 
wi 2 nn en an = 0'155 calories (t.e., per 1 sq. m., 1 second, 








1 mm. thickness and 1° difference in temperature) ; or in other words, 
through a layer of water 1 sq. m. in surface and 1 mm. thick, the two 
surfaces of which are kept constantly at a difference in temperature of 
1° C., 0:155 calories pass in 1 second. 

It will further be assumed that the quantity of heat passing 
through a layer of water in the condition of equilibrium is directly 
proportional to the section (Q in sq. m.), the time (z, in seconds), the 
constant difference of temperature (4, in ° C.), and inversely pro- 
portional to the thickness of the layer of water to be penetrated (7 im. 
mm.). Thus in the condition of equilibrium 


Ge PR alas. 2 en 
N 


However, in warming water, which is falling in a condenser in the 
form of sheets, jets or drops, we have not to do with a condition of 
equilibrium, but with the initial period of the heating, in which the 
heat penetrates the water from outside by conduction. In this period 
it is true that the temperature difference between the steam and the 
last layer just reached by the heat wave is constant = 6, but the 
resistance, which the thickness of the sheet of water opposes to the 
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penetration of the heat, is zero at the commencement of the heating 
(at the surface) and increases with the depth, , to which the heat has 
penetrated. The thickness of the sheet of water is on the average 


only nr The quantity of heat, which all the more or less heated 


layers together have taken up, is equal to the weight of these layers 
multiplied by the average increase in temperature of all layers (if 
Bl). 

The equation for the initial period of the heating has thus the 
following form :— 


0 en See 
& 
2 





Now the heat does not advance from the surface into the interior 
in such a manner that the thin layer first in contact with the steam 
completely acquires its temperature, and then a second, third, etc., 
acquire the same temperature. The process is that the layer of 
contact first acquires a small increase in temperature, which gradually 
rises, but during this rise in temperature the first layer is already 


communicating heat to the second, this to the third, and so on. 


Whilst the heat advances in succession from one layer to the following 
colder layers, the already heated layers are becoming hotter and hotter 
at the same time. The law is: As the distance from the surface of 


 comtact (between the two substances which are becoming equal in 


temperature) increases in arıthmetical progression, the temperature 
decreases in geometrical progression. 

The decrease in temperature from layer to layer follows the same 
law as the decrease in the temperature difference from moment to 
moment in heating by steam, as explained in Chapter I. 

At the commencement of heating water by conduction, after the 
layer of contact has almost attained the temperature of the steam, the 
temperatures of the following layers increase at first rapidly, then very 
slowly. 

The average rise in temperature of the mass of the water at the 
commencement of heating may be determined, as in Chapter I., by 
equation (8), but it may also be found in a finite manner, with tolerable 
accuracy, just as the mean temperature difference was there found. 

If the whole difference in temperature between steam and water 
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at first be 9,, then, after a certain time, when the heat has penetrated 
the water to some distance, and assuming that the sections of the 
layers remain of equal size, the difference in temperature 


Between the steam and the first layer = x6.. 
ig first and second layers = x(6, - x6,) = x0,(l - x). 
R: second and third layers = x!(, - x0,) - «0,1 - &)!. 
= x0,(1 - ©)2. 
= last but one and the 
last layer = 20, (1 - z)" 1. 


If, as in Chapter I., we represent by 6, the difference in tempera- 
ture between the last, or nth, layer, which is just warmed, and the 
first layer, which is not warmed at all, then from the above considera- 


tions, just as before, 
st er lei.) 


We may now, just as before with the differences in temperature, 
sum the increases in temperature of the single layers, and divide by the 
number of layers, in order to obtain the average increase in temperature. 
The increases in temperature of the single layers are :— 


Of the first layer - we: 
„ second layer - 6,- 20, =6.1-&). 
7, Kkmmd. e” - 6,1 - 2°. 
„ nth e- - Re 
The sum 


s.=-41+l-D)+l-M Hr Ll- DH... + - a 


Thus the mean increase in temperature of the water is 


ne Be: 
n(1- Ne) ! 


If we now express, as before, 0, as a fraction of 6,, then 7 


a 





t. m = 


is always 


a proper fraction. The value of „‘ must, in fact, with an infinite 


0, 
number of layers, almost become zero. We assume its value, on 
account of the finite nature of our caleulation, as in Chapter I., to be 
0:01 = 1 per cent. The inaccuracy is not of much importance. 
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The average, or mean, increase in temperature, t«„, of the 100 
ideal parallel and equal layers in the sheet of water is, assuming that 
the whole difference in temperature at the beginning is 6, and at the 
end is 6. = 0:016,, according to Table 1, t., = 0'2156.. 

The quantity of heat which the water has absorbed, when it is 
heated to the depth, n, in mm., is therefore 

0=-02156,09n » +. .%. %.. 188) 

Now, in order to obtain an expression for the time, z, during 
which the quantity of heat, ©, has penetrated through the surface (or 
section), Q, at the constant difference in temperature, 6,, into a sheet 
of water to the depth, n, the expressions (185) and (188) are put equal 
to one another. We obtain 


20,29. = 0:2150,0n. nn N 

De a 

or, since X = 0'155, 
ee ae 

Be 
And N N 


Equation (190) gives the time, z, in seconds, in which a sheet of 
water, „ mm. thick, heated by steam on one side, acquires the 
temperature of the steam on the heated side and is just beginning 
to get warmer on the other side. 

From equation (191) the thickness, n, of the sheet which is heated in 
this manner in the time, z,, may be calculated. It is seen very plainly 
from equations (190) and (191) that the steam rapidly heats the 
external layers of the water with which it is in contact, and that the 
heat then proceeds only slowly (at a speed inversely as the square of 
the thickness) into the interior of the body of water. 

The principal quantity of heat, which is conducted in a definite 
time into the water, remains in and near the outer layers. Little 
heat is transmitted to the interior, and this little only after the lapse 
of time. 

From these considerations follow the conditions for a rapid heating 
of water to a high temperature by direct contact with steam :— 

1. The surface of the water must be very great. 

2. The surface must rapidly change. 

3. The period of contact between steam and water must be as long 
as possible. 
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In order to express these statements precisely in figures, Table 46 
is added. It gives the depth in mm. to which the heat penetrates in 
01-12 seconds into a sheet of water in contact with steam on one 
side, the number of calories which. are taken up in this time, and to 
what fraction of the total difference in temperature, 6,, the total 
quantity of water, 1-7 mm. thick, would be. heated if the heat were 
supposed to be uniformly distributed throughout. These values are 
given for sheets, jets and spheres. 

It is clearly seen from Table 46, that the quantity of heat which 
enters in no way increases proportionately with the time, but that 
much more heat is taken up by the water at the first contact than 
later. 

If the heat has entered a sheet of water from one surface and has 
warmed it (decreasingly) only to the depth, n, of the whole thickness, 
ö, then, as we have seen, the quantity of heat which has entered is as 
great as if the volume, @n, of a portion of the sheet had received the 
increase in temperature, 0'2156,, or as if the whole sheet of thick- 
ness, ö, had attained the increase in temperature of 


I, = 302156, 1m °C. : ..2.... “allen 

In a jet (cylinder) of diameter, 6, which is heated from its surface, 

the heat spreads as in a sheet. But since the volumes of the 

cylindrical layers decrease from outside inwards, and also the 

temperatures of the layers, we obtain the following equation, if £.. be 
the hypothetical increase in temperature of the whole jet :— 


Ö2 





te = 02150 - 2x0. oe 
or 0.860,78 - 0:4 
a Zr 


In drops (spheres) something similar takes place. The average 
increase in temperature, te, is found by multiplying the volume of 
the heated hollow sphere by its mean increase in temperature and 
dividing by the volume of the whole drop. The volume heated is 
equal to the section of the diagram of the heated hollow sphere 
multiplied by the surface of that sphere, which contains the centre of 
gravity of this diagram. 


Od 


in = 021507 - 2x 0m... . (1M) 
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8? = 6 x 0'2150,n(d — 2 x 0°2n)? 
3 m 0'40n)? (196) 

Table 46 gives, in column 3, the depth, n, to which, according to 
equation (191), the heat would penetrate in z, = 0:1-1'2 seconds into 
a sheet of water warmed on one side, and in column 4 the quantity of 

. heat in calories which enters in this time through 1 sq. m. of the water 

surface with a temperature difference of 6, = 1° C. Columns 6-12 
give, for sheets of water, jets and drops of ö = 1-7 mm. thickness or 
diameter respectively, the mean increase in temperature of the whole 
mass in the times given, for each 1° difference in temperature. 

It is clearly seen from this Table 46 that the greatest transference 
of heat takes place at the moment of contact of water and steam, and 
that it then becomes much slower, since the difficulty experienced by 
the heat in entering the water increases with the depth. 

It is not maintained that this method of consideration, and the 
conclusions drawn therefrom, lead to infallible figures to be at once 
applied in construction. They appear, however, to approach very 
nearly to the truth and to give very valuable indications. 





bex 


9. The Volumes occupied by 1 kilo. of Air at Various Pressures 
below 1 Atmosphere and at Various Temperatures. 


In determining the dimensions of condenser and air-pump, it is 
necessary to know the volume occupied by 1 kilo. of air under 
diminished pressure and at various temperatures. Table 47 gives 
these volumes for most ordinary cases. It has been caleulated in the 
following manner :— 

Let y, = the weight of 1 cub. m. of air in kilos., 

a, = the volume of 1 kilo. of air in cub. m., 
i, = the temperature of the air in ° C., 
T = the absolute temperature, 


| ; 
=, Fra which a is the coefficient of expansion of air. 
According to Dronke, for air under very low pres- 
il 
sures — = 2746. Therefore T = 2746 + t, 


p = the mean atmospheric pressure = 10,336 kilos. per sq. m., 
when the barometer stands at 760 mm., 
a constant, which for air is 29-27. 


Be) 
I 
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TABLE 46. 
The heating of sheets, jets and drops of water by direct contact with 


steam. 


The depth, n, to which the heat penetrates in the time, z, (column 3). 


The fraction of the original difference in temperature, through which 
the whole mass of the water is warmed in the times, z, = 0'1-1°2 


Period of 
heating. 


KS 
63 


seconds (t,.4. for 0, = 


Height of fall 
in the time, 2;. 


The distance to 
which the heat 
penetrates in 
the time, 2;. 


Heat which passes 


z, seconds at 1° tem- 
perature difference. 


through 1 sq. m. in 


Calories. 


Bi, 


Thickness or diameter, ö, in mm., of the 


sheets, jets or 





drops. 








Mean increase in temperature, £,.e, of the 


mass of water for 4, =1. 





0:35 


0-40 


045 


0:50 


1226 








0710 


0756 


0'808 


0.848 


0.055 


0'116 


0:138 


0-141 


0'153 


0.164 


0173 


0:183 








% ddsh: -028 0:022 
0-148.0-102.0:079 
0-204 0:1380-113 
0:058.0:038 0:029 
0-205.0:142.0:109 
0:270. 0:204.0-151 
0: 0690: 046 0:034 
0:240 0156 0:129 
0:31210:230.0:179 
0:070 0:047.0:035 
0:247.0:1720-133 
0-3190-236.0-184 





0.061 


0:017 


0:089 
0.023 


0.088) 


0121 
0.028 
0.104 
0.143 


0.028 
0:105 


0:147 





; borrb-osı 0:039 
0:261.0°1840°142.0:115 0091 


0° 334 0° 2510'196 


540° 0820: 055 0:041 
0 2760: 195.0:150.0:120 0:104 


0:351.0:265.0:206 
0:087.0:058. 0.044 
0:293. 02200160) 
— 0:360.0:276.0-217 


| 





3.0:092 0:061.0:046 


0-314.0-2220-175 
0-375 0:2880:227 





0:031 


0:157 


0.014 
0.052 
0.078 
0.019 
0.074 
0:106 
0.023 
0:088 
0:126 
0.024 
0:00 
0:128 


0026 
0.139 





0033 


0'166 
0:035 
0'135 





0184 
| 


0'176 


0:037 
0140 


0.028 


0.147 
0.029 


0:156 
0031 
0'163 





0110 


0118 


0.012 
0.043 
0:062 
0:017 
0.064 
0:092] 
0020| 
0.076 
0.102 
0.020 
0.078 
0:105 


0'022 
0083 
0'113 
0023 
0.090 
0119 
0:095 
0125 


0026 
0101 
0.130 





| | 
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TABLE 46—(continued). 





Thickness or diameter, d, in mm., of the 
sheets, jets or drops. 








which the heat 


Period of 
Height of fall 
in the time, z.. 
The distance to 
penetrates in 
the time, z;. 


heating. 
perature difference. 

je 

W 


Sheet ($). 


zZs seconds at 1° tem- 
Jet (J). 


Heat which passes 
through 1 sq. m. in 


Mean increase in temperature, ine, of the 


Drops (D). 


mass of water for &. =1. 


=> 
= 


Calories. 


8 
2° 
8 
Es 
B 


mm. 





| | 
0:60 | 1766| 0930 | 0:200 | S 0:200 0100 0:067 0:050 0:04010:034.0:029 
J — 0:325.0:233/0:182.0:150.0:1250:108 
D| — 0'396 0:3080:244 0:2000:1760:143 
0:70 12403 1:0 0:217 |S 0:2170:1090:073.0:055 0:044.0:037 0'031 
J — 0:344.0:2480:1940:1580:1340:116 
‚D| — 10'4120'3140:2590:2120'1880:152 





| 
0:80| 3139 1:070 | 0:231 |S — 0.116. 0:077.0:058.0:046 0:039 0:033 
J 1 — | — 0:2630:1990:1700:140.0:123 
— 10:338.0:272.0:22310:1990-161 
0:90 3971| 141 | 0.245 |S — ‚0:123.0:082.0:062.0:049.0:041.0:035 
— .0:2770:216.0:177.0:1510:135 
— 0:351.0:286 0:234.0:210/0:170 
1:0 |4905| 1:20 | 0259 |S — .0:129.0:086.0:065.0:052.0:043.0-037 
— .0:290.0:227.0:190.0:1600:137 
D| — | — 0:364.0:299 0:245 0219 0:178 
1:1 159385] 126 | 0271 |s — ‚0'136.0:090.0:068.0:054.0:045.0:039 
7 | — | — .0:3040:2400:1990-1700:147 
— 0:374.0:306.0:254.0'2280-187 
1:2 16953] 1'315 | 0:283 |S — 0:1420:091.0:071.0:057 0:046.0:041| 
— ‚0:311.0:245/0:2010:1710-150| 
D| — | — 0'384. 0:3140:263.0-236.0-192 


| | | 
u e SPERENEI) EERENEIEENN VER VEREINE ERREGER BERREBAEL ERSTER EEE | 
Then the law is 



































up _ 

m 

The volume of 1 kilo. of air at the pressure, p, and the tempera- 
ture, t,, is therefore 


(197) 


1 _ 29:27(274°6 + t) 


dd, = - 
Y: p 





(198) 
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TABLE 47. 
The volumes, in cub. m., of 1 kilo. of air, at absolute pressures of b = 
temperatures 
Vacuum. 
| | | | | | | 
Tanaoıı 755. 1 188 750 | 748 | 745 | 743 | 740 ! 735 730 | 725 
| | | | | | | 
Absolute pressure, b. 
2:61 | 5 | 7 10 a2 as 





Temperature. 


Volumes, a,, in cub. m., of 1 kilo. of air. 





— 


| | | | | | 
85-53 60:08 50:07 40-06 353413005 24:0220:02 17-16 
87:37 61:1650:97 40:79 35:97 30:58 24-46/20:3917°47 
88-90 62:23,51°86 4151 36-60. 31:11.24-88 20-47 ar 


51170:35 120°16 | 
| | 
90-44.63-3152:76. 42:25 37:24 31:66 25-3121'1018-09 | 


10117446 122°31 
1511785812445 
20|182:69 12660 
25/186:81 12874 
301190:93 13091 


91:97 64:38,53:65 42:97 37°87 32:20 25:73 21-45 18:39 
93-51 65-45 54-55 43-70 38-50 32-73 2616 21-8118-70 
| | | 


| | | | | 
3511950413306 95:04 665255444442 39:14 33:27 26°58.22°16 19-00 


1 40119916 135°21 ' 
451203:27 13736 98:11.68:67 5724 
5012073913951 99:65.69:7558°13 


96:58. 67:60 5634 
45:87 4040 34:34. 2744 


45:14. 39:77 
46:60 41:03 





34:88 2787 


22.881961 
23251993 


1833-80127:02122-53119-31 | 


55j211:511141:67 101:67 70:8159-02147:32 41:67 35°42 28:29 23:60 20:23 
60|215°63 143:8 10272 71'90 60:1248:05 42:30 35:92 28:75 23:96 20:54 
| | | | 











When the barometer is at 5b mm. of mercury, the absolute pressure 
on 1 sq. m. is 








10,3365 
= 0 (199) 
Thus the volume of 1 kilo. of air is 
ae I + b,) | . (200) Ä 


Table 47 has been caleulated by inserting the various values for 
Diand ı. 
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TABLE 47. 


2:61-210 mm. of mercury, t.e., at vacua of 757'39-550 mm., and at 
from 5°-60° ©. 


Vacuum. 








| | 
700 | 695 | 690 | 685 | 680 | 675 | 670 


| 


720 | 715 | 710 | 705 


I 








Absolute pressure, Db. 





| | | | | 
50 | 55 | eo | er | vo | 5 | so | 85 | 








Temperature. 


Volumes, a,, in cub. m., of1kilo. of air. 























15:01113-34112-00 10921000, 9:27 8:58] 8:01 | 7:51 707 | 6:67 
15:2913:59112-23111:1210:19) 9-44 874 8:15 | 7:64 | 7:19 | 6:79 
15-5513-82112-43111'3210-36| 9-60) 8:89) 8:29 | 7:78 | 7:32 6-91 
15:82114:06 1265111511055] 9:77| 9-04| 8:44 | 7:91 | 744 |703 
16°08]14-29112-85111:70110°55| 9:93] 9:20] 8-58 | 8-04 | 7:57 | 715 
16°36.14:5413:0811:9010-91110:00) 9:35, 8:72 | 8:18 | 7:70 ı 7:27 
| | | 
16-62114:77113-2812-0811°08110'26 9-50) 8:87 | 8:31 | 7:82 | 7:39 
, 16°89115:01113-51112-30111'28/10-43| 9:66! 9-04 | 8-44 | 7:95 | 7:51 
17:1515°24113:7112°4811'4410°59 9-81| 9:15 | 8-58 | 8:07 | 7:63 
1743115491394 1268116311076 9-97| 9-31 | 8:77 | 820 | 775 
17:69115:72]14:14112°8711°7910-9210-12) 9-45 | 8-84 8:33 | 787 
17:97115°97114°37113:0711'9811'09 1027| 9-58 | 8:98 ı 8:46 | 7:39 








10. The Time of Fall of the Injected Water. 


In Table 48 are given the distances through which drops of water 
fall in 0:05-1'7 secs., when gravity alone acts on them, without the 
interference of currents of steam or gas. It is seen that water, when 
it falls free, passes through condensers even 4 m. high in 0'9 sec., and 
remains a still shorter time in lower condensers. 

If the eurrent of steam moves downwards in the same direction as the 
water (wet condensers), the time of fall is somewhat further decreased, 
but if the steam moves upwards against the falling water (dry counter- 
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TABLE 47—(continued). 
















































































Vacuum. 
665 ı 660 655 | 650 | 645 | 640 | 635 | 630 | 625 | 620 | 615 | 610 

& Absolute pressure, Db. 

1 

5 | 

1 95 100 | 105 | 110. U] 12077 1257180 | 135 | 140 | 145 | 150 
=) lee B | 

5 

Volumes, a,, in cub. m., of 1 kilo. of air. 

b 

5 6:32 Se 5 46, 5:22 5:00, 4:80 4:62 445 4:29 4:14, 4:00 
10 |6°44 6:12 5 825 5°56| 5:32] 5:09) 4:89! 4:70 4:53| 4:37| 4:22 4:08 
15 |6°55, 6:22 |5°92 |5°66| 5°41| 5:18) 4°97| 478] 4°61| 4°44| 4-29] 4:15 
20 |6:67 6:33 | 6:03 | 5:75 5:50 8:27, 5:06 4°87| 4:69 4:52 4:36, 4:22 
25 |678 6-44 6:13 | 585) 5:60, 5°36| 5°15| 495] 4771 4:60 4°44| 4-29 
30 16:88 6546 624 | 5°95| 8:69) 5°45, 5:23 5:03 485, 4:68 4:51] 436 
35 1700 6:66 6:33 16:05] 5-79 5°54| 5-32 5-11 4:93 4:75 4:58 444 
40 |7'11 676 | 6-44 | 6151 588 5°63| 5°41| 5-20) 5-01) 4:83, 4:66) 4:51 
45 |7:22 6:87 6:54 | 6:24 5:97 5:72, 5:50) 5:28] 5:08 490, 4731 4:58 
50 I7:34 6:98 | 6°65 6:34 6:07 5:80 5:58) 5:36 5:17, 4:98 4:80) 4:65 
55 [745 7:08 675 | 644 6-17 9:89) 8:67 544 5:24; 5:06) 4°88 4:72 
60 :1707, 719 16:85 6:53 - 5:98. 574 a, 5:14 4°95| 4:79 











current condensers), the time is somewhat longer. In any case large 
drops of water can experience but a slight and insufficient heating 
in this short time, as Table 46 shows. Since the distances fallen 
through in the first moments are much smaller than those in the 
succeeding moments, steps or catch-plates, placed at short distances 
apart, and continually bringing the water again to rest after brief in- 
tervals of falling, serve to lengthen considerably the time of fall. 

By the aid of the preceding separated considerations of the 
requirements of jet-condensers, we can now determine their prin- 
cipal dimensions for the most usual cases; this is done in Tables 49 
and 5l. The principles upon which these tables have been caleulated 
must first be briefly indicated. 
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TABLE 47—(continued). 


a —————LLL—L—L—— ne 












































Vacuum. 
| | | 
605 | 600 | 595 | 590 | 585 | 580 | 575 | 570 | 565 | 560 | 157575) | 550 

| | | | 
Absolute pressure, b. R 
— 3 
155 | 160 | 165 | 170 | 175 | 180 | 185 | 190 | 195 | 200 205 20 3 
f | | | | | | | | = 
| = 

Volumes, a, in cub. m., of 1 kilo. of air. 
tı 
| Te an | 

3:87 3:75) 3:64| 3°53| 3-43 3°33| 3°24| 3:16) 3:08 | 3:00 | 2°93:|2:86| 5 
3:94 3-82| 3:70) 3:60 3:49 3:39] 3:30 3:22 3:14 | 3:06 ,2:98 | 2:91] 10 
4-01 3:89 3:77 3:66 3:56 3-45) 3:36 3:27 3:18 | 3:10 | 3-03 2:97 | 15 
4:08 3°95| 3:83) 3:72 3:62 3:52 3:42 3:33 3:24 3:16 3:08 3:01] 20 
4-15| 4:02| 3-90 3-79 3:68 3:57| 3:48) 3:39 3:30 | 3:22 |3:14 |3:06| 25 
4-99) 4:09) 3:97 3-85: 3-74] 3:63] 3-53) 344 3-35 | 3-27 3:19 | 3-12 | 30 
4:29) 4:15) 4:03) 3:91) 3-80 3:69 3:59 3-49 3-40 | 3-32 | 3:24 | 3:17| 35 
4:36) 4:22) 4:09 3:97 3:86 3:75) 3:65 3:55 3:46 3:37 13:29 | 3:22] 40 
4:43 4:29| 4:16 4:04 3:92 3:81 3:70 3:61 3:52 3:43 | 3:34 |3:27| 45 
4:50] 4:36, 4:23 4:10 3:98 3:87) 3:77, 3:67 3:58 | 3:49 | 3:40 |3:22| 50 
4:57| 4:42 4°29| 4:16 4°05| 3:93) 3:82, 3:73, 3:63 | 3:54 | 3:45 13:37 | 55 
4:64 4:49 4:35 4:23 4:11 3:99] 3:88] 3:78 3:68 3:60 | 3:50 ‚3:42 60 

| | | 














11. The Dimensions of Wet (Parallel-Current) Jet-Condensers. 


Wet condensers are used with advantage in connection with 
evaporators of small and medium capacity, evaporating 100-3000 
kilos. per hour, for which limits Table 49 has been calculated (Fig. 
14, p. 210). 

The wet parallel-current condenser is a closed vessel, which is 
entered at the top by the steam to be condensed and the cooling 
water, and from which the liquefied vapours, the heated cooling 
water and the uncondensed gases are together exhausted by means 
of a “wet” air-pump. The diameter and height of the condenser 
and the diameter of the pipes, by which the steam and water enter 
and the water leaves, are to be calculated. 
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TABLE 48. 


Distance in mm. traversed in a free fall during 005-1'7 seconds. 
































Time, Height Time, Height Time, | Height | Time, | Height 
ER of fall. DR of fall. 2 ot fall. 2 of fall. 
sec. mm. sec. mm. sec. mm. sec. mm. 
0:05 12°5 0:30 44145] 0'775 | 2943 I 1:25 7663 

0:06 17:62 | 0'325 | 5174 | 0:80 3139 | 1276 | 7987 

0:07 23:8 0:35 8979 | 0'825 | 3335 | 1:30 8289 

0:05 31'386 | 0:375 | 099 0:85 3541 | 1'325 | 8604 

0:09 39:69 | 040 7848 I 0:875.| 3751 | 1:35 1778056 

0-10 49:05 | 0'425 8849 | 0:90 3971 | 1'378 |. 9260 

0-11 89:85 | 045 | 9932 I 0'925 | 4193 | 1-40 9613 

0:12 70:6 0475 | 1105°4 I 0:95 4414 | 1'425 | 9947 

0:13 82:8 0:50 | 1226-3 | 0.975 | 4658 | 1-45 | 10000 

0:14 oe! 0.525 | 13504 | 1:00 4905 | 1'475 | 10657 

0:15 1104 0:55 | 14837 I 1'025 | 5169 | 1:50 | 10996 

0:16 | 125°5 0.575 | 16299 | 1:05 5507 | 1525 | 11417 

Oz 1,1417 0:60 | 17658. | 1075 | 5659 I 155 | 11828 

le | 1589 0:625 | 1926 110 5935 | 1'575 | 12132 

En ee 0.65 | 2069 1'125 | 6188 | 1:60 | 12544 

020 | 196-2 0:675 | 2232 -1'15 | 6483 | 1'625 | 12936 

0225 | 2479 0:70 | 2403 1'175 | 6771 | 1'650 | 13343 

025 | 306°5 0:725 | 2575 1:20 6953 | 1'675 | 13750 

0275 | 3704 0:75 | 2756 1'225 | 7350 | 170 | 14161 


"rl 


This species of condenser is called “ wet,’ since it is always 
connected with a “ wet” air-pump, 2.e., an air-pump which exhausts 
the water together with the air. 

“Dry” condensers are so called because they are connected with 
a “dry” air-pump, :.e., a pump which extracts only air, without 
water. The waste water of dry condensers generally passes away 
by its own weight by means of a barometric column (Fig. 15, see 
observations on p. 208). 

A wet condenser should never be connected with a dry air-pump, 
which cannot take the waste water. 

Thediameter of the steam-pipe leading to the condenser may be found 
by means of Table 32, in which is given the weight of steam passing 
in one hour through pipes 20 m. long with a loss of pressure of 0°5 





DIMENSIONS OF WET JET-CONDENSERS. 241 


per cent. In settling the conditions for Table 49 we have, however, 
assumed that the resistance in the pipe between evaporator and con- 
denser may take 2 per cent. of the absolute pressure. In this case 
double the quantity of steam passes through the same pipe, and for 
the desired capacity the pipe will be narrower and therefore cheaper. 
This condition is taken because in reality the assumed high vacuum 
(705 mm.) is not always maintained, and since, in order to meet 
fluctuations in working, condensers are generally made very large in 
proportion to the work required of them. Steam-pipes of very much 
smaller diameter are frequently found. 

The difference in temperature between steam and cooling water» 
‚when they enter at the top, ranges between about 55°-30° C. 

The temperature difference at the end (bottom) is 35°-20° C., since 
the waste water should never be allowed to become very warm. The. 
temperature difference at the bottom accordingly is to that at the top in 
the ratio 23 or 3, i.e., at the mean, is about 0'66 of the difference at, 
the top. The cooling water is therefore only heated through about. 
4 of the original difference in temperature between steam and water, 
ort, = 0'330,, for which the following times are sufficient, according to. 
Table 46, for drops of 


6=|1 2 3 4 mm. diameter. 
=01 0:3 0°6 1'1 seconds. 


In. order that the drops may be in the condenser during these 
times, the following heights of free fall are necessary :— 


h= 49 441 1765 5935 mm. 


When the water is very finely divided, a very short time suffices 
to warm it; for drops of 1-2} mm. diameter, condensers 1000 mm. 
high, without steps, are approximately sufficient. Much larger drops 
cannot be sufficiently heated by similar eondensers of great height. 
Experience shows that in practice, when the water is well divided, 
good results are obtained with these dimensions. If thicker masses 
of water are intended, one step is, in general, sufficient. 

The free section of the wet condenser need not be much greater 
than that of the steam pipe, if the latter has the proper dimensions ; 
but it may be larger without harm, since the velocity of the steam 
diminishes in the condenser, from its entrance downwards, to zero, 
and is on the average about half as large as at its entrance. 


16 
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The section of the condenser is generally diminished by the pipe 
through which the water is injected, and also by the jets and drops of 
water. Since the frietion of the great number of partieles of water 
against the current of steam is not inconsiderable, it is well to enlarge _ 
the section of the condenser correspondingly, in order to prevent loss 
of pressure. For condensers without steps we adopt a section about 
20 per cent. greater than that of the steam pipe of liberal dimensions. 
If there are one or two steps in the condenser, the section must be at 
least double that of the pipe by which the steam enters. 

The mean pressure, which the current of steam exerts on the falling 
drops in their direction of motion, increasing their acceleration and 
thus decreasing the time during which they are falling through the 
condenser, is calculated only at about one-quarter of that which the 
entrant velocity of the steam would exert; this is because the drops, 
by their velocity of fall, themselves diminish the influence of this 
pressure. Even if the velocity of the steam on entering the top of 
the condenser were 30 m. per second, it would only slightly shorten 
the time of fall of small drops of 2 mm. diameter, and this all the 
less when the drops, thrown violently about, touch the walls and are 
retarded. 

The internal height of condensers without steps, from the steam 
entrance to the water exit, is therefore taken for small apparatus at 
not less than 1000 mm., and somewhat greater for larger apparatus, 
since in the latter the water is not perhaps quite so thoroughly divided. 
This height is also suffieient when one step is introduced. With two 
steps the total height may be 1'25 times as great. 

The diameter of the water-pipe. The limits of the temperature of 
the steam to be condensed are about 40°-45° C., the limits of the initial 
temperature of the injected water are about 8°-25° C. Thus we find 
from Table 41 that the condensation of the steam rarely requires more, 
and generally much less, cooling water than 45 times the weight of 
the steam. 

The water may be conveyed to the condenser from a tank at a more 
or less high level in such a manner that the natural suction of the 
vacuum in the condenser, together with the hydrostatic pressure from 
the condenser to the tank, causes the veloeity of the water in the supply 
pipe. The suction of the condenser alone may also draw the water 
direct from a vessel, well or tank at a lower level (Chapter XVILI.). 

In the former case the pressure which moves the water is con- 
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siderable, being equal to the vacuum (measured in metres of water 
column) plus the hydrostatic pressure. In the latter case it is very 
small, being equal to the vacuum minus the distance from the water 

- level to the point at which the water enters the condenser. It is not 
advisable to employ a lower pressure than 3 m., since, otherwise, 
variations in the level of the water and in the vacuum may be 
dangerous, although it is always possible to work with a very slight 
excess of pressure, even only 200-300 mm. In that case, however, 
very wide supply pipes must be used, and there arises the danger that 
the supply of water to the condenser may be stopped by any aceident. 

_ With a vacuum of 680 mm. of mercury (9'248 m. of water) the greatest 
permissible normal depth of the water level below the water entrance 
into the eondenser would be 9:248 — 3'0 = 6'248 m. 

In Table 49 are given, by the aid of Table 36, the diameters of the 
water supply pipe for the four cases of an excess pressure of 1, 3, 6 
and 9 m., and under the assumption that the largest quantity of water 
mentioned (45 times the weight of the steam) is to be introduced into 
the condenser. 

The spraying of the water in the condenser is generally accomplished 
by means of perforated pipes or plates. The holes in the pipes and 
plates should be small, since the water always passes through them at 
a considerable velocity, on account of the tolerable excess of pressure. 
The number of holes has been calculated for diameters of 2 and 3 mm. 

If the injeetor pipes are vertical and enter from below, too many 
holes are no disadvantage, since, when a number of them remain 
unused, the water is still well divided. 

The injector pipe must be closed at the end in the condenser, so 
that the water may remain in it under at least a part of the excess of 
pressure. The water will then be thrown, with a certain velocity, from 
the small holes on to the condenser wall, where it is broken up into fine 
drops. A portion of the water will doubtless flow down the condenser 
wall, by which its surface is diminished, but since the water flows 
down much more slowly on the wall than when it falls free, the dis- 
advantage of the smaller surface is to a great extent counterbalanced 
by the longer contact with the steam. 

The outlet pipe of the condenser leads directly to the air-pump. It 
must be wide enough to carry off air and water together. The lower 
part of the section of this pipe, which is required for the water, is 
determined on the permissible assumption that it has a veloeity of 
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TABLE 49. 
The dimensions of wet (parallel-current) jet-condensers with- 
vacuum of 
Steam to be condensed in one hour, in kilos. 100 
The necessary cooling | weight of steam x 15 - - - | 1500 
water, in litres } er x 45 - - - 4500 
Diameter of the condenser, without steps - - - 160. 
Height ev - - - 1000 
Diameter of the steam inlet, for 705 mm. vacuum and 
2 per cent. loss of pressure - - - - - 150: 
Diameter of the water inlet, at 1 m. excess pressure - 40, 
„ „ „ at 3 m. „ y 35 
„ 2) „ at 6 m. 2) = 30 
+ 3 se at 9 m. . - 25 
‚„ connection to the air-pump - - - 75 
Diameter of the separate air-pipe to the pump, if one were 
used - - - - - - - - - 40 
Diameter of the internal pipe of the injector - - - 50 
Number of holes in the injector pipe (+ 20 per cent.) :— 
Holes 2 mm. diameter, 0:5 m. pressure (30 litres 
per hole per hour) - - - - - 180: 
Holes 3 mm. diameter, 0'5 m. pressure (68 litres 
per hole per hour) - - - - - 80: 





0'5 m. per second, corresponding to a pressure-head of about 25 mm. 
The upper part of the section is for the air, and is obtained from 
Table 35; the section of the pipe there given for the quantity of air is. 
added to that necessary for the water. It is assumed that 1000: litres 
of cooling water contain 0'25 kilos. of air. 


Example.—For the condensation of 1000 kilos. of steam per hour, the diameter- 
of the steam pipe, at a vacuum of 705 mm., is 350 mm. by Table 32, if a loss in 
pressure of 2 per cent. is permitted; the section of the condenser without steps. 
should be 20 per cent. greater, hence its diameter is 400 mm. 

The height of the condenser we take at 1400 mm. 

The maximum quantity of water is, according to our assumption, 45 x 1000 = 
45,000 kilos. per hour. The supply pipe must, therefore, by Table 36, be 80 mm.. 
in diameter for a length of 20 m. with 3 m. excess of pressure. 


Through a hole, 2 mm. in diameter, 25 litres pass in one hour at 0'ö m. excess: 
pressure, according to Table 44. The perforated pipe must therefore have, in the: 
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TABLE 49. 


out steps, for condensing 100-3000 kilos. of steam per hour at 
705 mm. 


200 300 500 1000 1500 2000 3000 





3000 4500 7500 15000 22500 30000 45000 
9000 | 13500 | 22500 | 45000 67500 90000 | 135000 

185 215 280 400 440 500 555 
1000 1200 1300 1400 1500 1600 1800 


175 200 250 350 400 450 500 
1975) 60 75 100 125 140 165 
45 55 60 80 95 115 125 
40 45 59 | 70 s0 95 115 
30 40 50 65 75 85 100 
90 110 150 190 235 270 325 
45 50 60 75 s0 90 100 
60 80 90 100 125 160 200 


360 580 900 1800 2700 3600 5400 








160 250 400 780 1200 1600 2400 
= 2 ME er BAER VENSEFOEEEENHEEE EHER NORHEREREEE 22 \0 = >| | 














nn = 1800 holes. On account of possible stoppages we take 





present case, 


2000 holes. 
The injector pipe is taken at 100 mm. diameter. 


4500 x 025 
1000 
and at a vacuum of 705 mm., according to Table 35, the air suction pipe (if such 

were used) must have a diameter of 65 mm., i.e., a section of 0-33 sq. dem. 
The pipe leading from the condenser to the air-pump must have this 
section for the air—0'33 sq. dem.—and also that required for the water, which is, 


; 45,000 ER i 
for a velocity of 0:5 m. per second, 3600 x5” 2:5 sq. dem. The connection to 


The weight of air to be exhausted in one hour is = 1125 kilos,, 





the air-pump has therefore a section of 0:33 + 9-5 = 2-83 sq. dem., equal to & 
diameter of 190 mm. 
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12. The Dimensions of the Dry (Counter-current) Fall-pipe Jet- 
Condenser. 


The “dry jet-condensers, which are almost always constructed 
to work with counter-currents, are closed vessels, which the steam 
to be condensed enters at the bottom and the well-sprayed cooling 
water at the top. The heated water flows away spontaneously 
together with the condensed steam by means of a fall-pipe (barometer 
tube) at the bottom, whilst the air and gases are exhausted cold at 
the top. Dry condensers are often used for small and medium 
capacities, for large almost invariably. Their chief dimensions are 
given in Table 51 for an hourly condensation of 300-12,000 kilos. 
(See Pie. 15, p. 211). 

If the cooling water has in the condenser a free fall of 

ze! 2 3 4 D Sum: 
its theoretical 
time of fall, z,= 046 . 064 07 091 1'015 seconds. 


In these times a jet of water of thickness ö mm. takes up such an 
amount of heat (according to Table 46) from the surrounding steam 
that it is heated through the following fractions of the original 
temperature difference, 6, :— 


If ö = 1, the heating is 04600, — == == Fi 


9, N 0-3006, 03356,  — = = 
u, = 0-2250, 02250, 02470, 02786, 02908, ; 
IM h 0:1636, 01884, 01939, 0,2179, 0'2270,. 


Example.—If a jet of water of thickness 5 = 3 mm., at a temperature of 10° 
C., falls through 4 m. in steam of 55° C., it is heated through (55 — 10) 0278 = 
12-5° C., and thus has finally the temperature 10 + 12:5 = 22°5° C. 

From the above figures it may be gathered that, although the 
increases of temperature just given may not be exact, a condenser, in 
which the water fell straight to the bottom without stops, must be 
very high, and the water very finely divided, if it is to be heated 
nearly to the temperature of the steam. A very fine spray of water 
is not easily obtained and necessitates a slowly rising current of steam. 
Therefore dry condensers without steps must be of great height and 
diameter. | 

The water may be made much hotter if it is allowed to fall through 
the same total height in several short stages, by each of which it is 
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given a fresh surface. This is made clear by the example below. 
For since the velocity of fall is the least at the beginning, the period 
during which the water is in the condenser increases with the number 
of steps, as also does the number of changes of surface. 

Example.—If a jet of water, & = 3 mm. in diameter, at 10° C., falls down five 
steps, of 800 mm. each, through steam at 55° C., the heating is :— 


At the end of the first fall (Table 46): (55 — 10) 0:200 = 90°; 

the temperature of the jet is then 10 + 9:0 = 190°. 
After the second fall: (55 — 19:0) 0:200 = 7'2°; 

the temperature of the jet is then 19:0 + 7'2 = 262°. 
After the third fall: (55 — 26°2) 0'200 = 576°; 

the temperature of the jet is then 262 + 576 = 31'%6°. 
After the fourth fall: (55 — 3196) 0:200 = 461°; 

the temperature of the jet is then 31°96 + 461 = 36°57°. 
After the fifth fall: (55 — 3657) 0:200 = 3:69° ; 

the temperature of the jet is then 36:57 + 3:69 = 40°26°. 

In a straight fall without steps the heating would only be through 22°51°. 


The determination of the number and the height of the steps is 
accomplished by the method in the following paragraph, in which it 
is assumed that the temperature of the steam to be condensed remains 
the same from bottom to top of the condenser. This assumption is 
not quite accurate, for the tension in the counter-current condenser 
must be somewhat less at the top than below, because only so would 
there be a current of steam towards the top. The tension at the 
bottom is due almost alone to the steam, at the top to the air almost 
entirely; between the extremes the tension of the air diminishes 
towards the bottom, that of the steam towards the top, consequently 
the temperature of the steam also must diminish towards the top. 
But these differences are not very considerable at the places where 
condensation is still really taking place (which condition we are con- 
sidering here), therefore we neglect them for the sake of simplieity. 
In what follows it is assumed that all the steps are of equal height. 

If the whole temperature difference between steam and cooling 
water be 4,, and this be diminished below the top step by the fraction, 
ad,, by absorption of heat by the water from the steam, then, of the 
residual difference, 0, — a6,, a fraction, a(#, - ad,) = ad,(1 - a), is 
removed below the second step. Below the third step the remaining 
temperature difference, 6, - a4, — ad,(1 - a) = 6,(1 - a) - ad, (1 - a) 
= 6,(1 - a)”, is diminished by a4, (1 - a)’, and by the last (lowest or 
nth) step by the fraction, a6, (1 — a)"-1, 
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The sum of all these intervals of temperature would be, in the 
most favourable case, equal to the whole temperature difference, 6,, 
but is, in reality, only a more or less large part of the whole difference. 
It is naturally endeavoured to make the temperature of the waste 
' water approximate as nearly as possible to that of the steam. 


6 
Let p be a percentage and ns the portion of the original tempera- 


ture difference removed, i.e., the sum of all the separate intervals of 
temperature given above, then 


D 
eh = 1l+l - rl - a? = a4... does 


or, summing the geometrical progression, 





or | Eee). ee 


If the increase in temperature of the water, a, in the highest step 
is known, and also the number of steps, then this equation gives the 
fraction of the whole difference in temperature which is removed by 
all the steps, t.e., by how much the temperature of the water 
approaches that of the steam. 

The value of a depends on the time during which the water drops 
are exposed to the action of the steam, which time is obtained directly 
from the height of fall of the drop. 

Table 50 gives, by the aid of equations (110) and (194) and Tables 


m 


46 and 48, figures which show by what fraction the original tempera- 


ture difference, #,, is diminished in condensers with 1-8 steps of equal 
heights of 200-1000 mm., when the water falls in jets of 2-7 mm. 
thickness. The table shows to what extent the temperature of the 
waste water increases with the smallness of the drops and the number 
and height of the steps. 

In reality there are in the condenser not only jets of every size 
but also drops and sheets of water. A very fine water-dust is formed, 
which is heated, and then unites with the other water, because of the 
currents of steam and the fall, or is carried to the wall. This circum- 
stance, and also the presence of sheets of water moving in the con- 
denser, from which drops are throwm of, in conjunction with the 
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inaceuracy of the formule which have been given to represent the 
process of heating, often cause the water to be heated to a greater 
extent in actual practice than would be expected from Table 50. This 
table is to be regarded as giving only a general picture of what oceurs, 
without being an exact representation of fact. 

Experience shows that with 5-6 steps, and a total height of 2500- 
3000 mm., very warm waste water may be obtained, even when the 
water is injected in jets of 5-6 or even 8 mm. diameter. A finer 
spray of water and more steps improve the action. 

The maximum welocity of the steam at the bottom of a condenser 
without steps should be that velocity which exerts a pressure on & 
falling drop equal to double its weight (Chapter XV.). If there are 
steps in the condenser, the greatest velocity should only be somewhat 
greater than that which exerts a pressure equal to the single weight 
of a drop. | 

Thus, according to Table 23, the greatest velocities for steam at 
40° C. (706 mm. vacuum) would be :— 


For drops of diameter 01 025 05 1 2.8 ‚A Si amm: 
In condensers 
without steps 9:2 14:6- 20:6 29:2 42 50°5 58°5 65'3 m. 
In condensers 
with steps 6°5 103 14:59 20:6 29:2 353 42 46'2 m. 


In the author’s opinion, founded on observations made on con- 
densers, these caleulated velocities are too low. In order to exert 
the pressures mentioned the velocities must be about 1'33-1°5 times as 
great. Also in all condensers it is a question not only of drops, but 
also of jets of water, upon which the current of steam has much less 
action. The majority of the drops, however small, are heated by the 
current of steam and then unite with the other water or are thrown 
against the walls and thus prevented from being carried forward. 
Finally, in almost all condensers a portion of the steam (10-15 per 
cent.) is condensed before it comes to the vertical rise. 

On all these grounds, according to experience, the first and lowest 
eontraction of a condenser without steps may have such a section 
that steam of 705 mm. vacuum attains in it a velocity of about 65 m. 
per second. In a condenser with steps the velocity may be 55 m. 
per second. If there is a lower vacuum in the condenser, the volume 
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TABLE 50. 

The fraetions by which the original difference in temperature, 6,, 
between steam and water is diminished in dry counter-current 
condensers with 1-8 steps, each 200-1000 mm. in height. The 
water is in Jets of ö = 2-7 mm. diameter. 


(£.0, when 6, = 1.) 








= 

Br n) 
ae 38 3538 a Diameter of the water jets, ö, in mm. 
25. = 
asa| 3 [2388| ©3< 
s25| 8. |ä82|8°# 8 
z1o% 2 I455|5%83 

ms 2 3 4 5 6 7 
N 2s 








200 [0-20 | 200 [0:205 |, 0:142 | 0:109 | 0-088 | 0-074 | 0-064 | 
„1 | 400 |0-868 | 0-264 |0-199 |0-158 | 0-143 |0-124 | 
„151600 [0-498 | 0-368 | 0293 | 0-229 | 0-220 \ 0-178 | 
„151 800 [0:600 | 0-459 | 0-359 | 0-293 | 0-266 | 0-233 | 
„1, 1200 |0:748 | 0-600 |0-500 | 0-408 | 0-378 | 0-324 | 
„1, ]1600 |o-saı | 0:706 | 0-580 |0-500 | 0-462 |0-418 | 
300 10-25 | 300 |0-225 | 0:150 |0-120 | 0:097 \ 0:082 |0-071| 
„1,1 600 |0-400 | 0:298 | 0-242 |0-185 | 0-157 |0-137 
„151900 [0535 | 0-386 |0-340 | 0-264 | 0-227 | 0198 
„1, 11200 |0-630 | 0:479 | 0-427 |0-336 | 0-290 | 0-245 
„1, 11800 [0784 |0-623 |0-564 | 0-460 | 0-403 | 0-357 
„1, 12400 [0871 |0:730 | 0-672 |0-559 | 0-496 | 0-445 | 
400 |0-285 | 400 |0-240 | 0:156 | 0-129 | 0:104 | 0-088 | 0-076 
„1,1 800 [0-423 | 0-288 | 0-242 | 0-198 | 0-168 | 0146 
„15 11200 [0:562 | 0-388 | 0-340 | 0-281 | 0-242 | 0-211 
„1, 11600 [0-668 | 0-493 | 0-426 | 0-357 |0-308 | 0-271 
„1, 12400 |0-808 | 0:695 | 0-565 | 0-483 | 0-426 | 0-378 
„15113200 [0-890 | 0:743 |0-671 | 0-587 | 0-521 | 0-469 | 
600 | 0-35 | 600 |0-261 | 0-184 |0-142 | 0-115 |0-091 , 0:083 | 
„1, 11200 [0-436 | 0:335 | 0-264 | 0-237 | 0-174 |0-159 | 
„1, 11800 [0-596 | 0:457 | 0-369 | 0:307 \0:249 | 0-229 | 
„1, 12400 [0-682 | 0-558 | 0-458 | 0-387 | 0-318 | 0-293 | 
„ 1513600 |0-837 | 0:705 | 0602 | 0-590 | 0-436 | 0-406 
„1 » 14800 [0899 | 0-805 | 0:706 | 0-624 |0:535 | 0:500 | 
800 |0-41 | 800 |0:277 | 0:196 | 0-151 |0-121 | 0:105 | 0:091 
„1, 11600 [0-476 | 0-352 | 0-279 | 0-229 | 0:199 | 0:174 
„ 15] 2400 |0-622 | 0-481 |0-388 | 0-321 | 0-283 | 0:249 
„1, 13200 |0:727 | 0:580 | 0-480 | 0-404 | 0:358 | 0-318 
„1, 1 4800 |0:857 |0:731 |0-625 |0-531 | 0456 | 0425 | 
„1, 16400 |0:927 | 0-824 | 0:730 | 0-645 | 0:588 | 0-534 | 
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TABLE 50—(continued). 











Hd Fi = Ber 8 Diameter of the water jets, ö, in mm. 

a3 182 |882|2,.: 

Zoot K E 235/83 5 3 A > 6 q 
N 2, h 
il 1000 | 0°4 1000 [0294 | 0-221 | 0-161 | 0:136 | 0-116 | 0:096 
9 " E 2000 |0:502 | 0'393 | 0:297 | 0:254 | 0:200 | 0:183 
3 h “ 3000 | 0'651 | 0:527 | 0410 | 0:355 | 0:297 | 0:262 
4 se Er 4000 |0:752 | 0:632 | 0-505 | 0:443 | 0:376 | 0'333 
6 ” 2 6000 |0-878 | 0:776 | 0:652 | 0584 | 0:505 | 0:455 
8 n N 8000 |0:939 | 0:865 | 0756 | 0:691 | 0:611 | 0:555 

















of the steam will be lower, and the velocity, and hence also the 
danger of carrying drops away with the steam, less. 

Since about 10 per cent. of the steam to be condensed is already 
liquefied before it enters the lowest narrow section, this section may 
be based upon a velocity of 70 m. for the whole quantity of steam. 

1 kilo. of steam at a vacuum of 705 mm. has a volume of 19,500 
litres, therefore 1000 kilos. of steam at 70 m. velocity require, without 
steps, a section of 


19500 x 1000 
3600 x 700 





— 7:5 sq. dem. (approx.). 


In condensers with steps the velocity may reach 55 m., therefore 
1000 kilos. of steam at 705 mm. vacuum require a section of 


N 58 
3600 x 550 sq. dem. (approx.). 

Since, however, only half the section of a condenser is left free 
for the passage of steam by reason of the inserted plates, sieves 
and divisions, the whole section of the condenser without steps 
should be 15 sq. dem. for 1000 kilos. of steam, and the section of 
the condenser with steps 20 sq. dem., from which the diameter may 
be obtained. 

For the smaller capacities, to condense 1000-2000 kilos. per hour, 
the diameters, as determined by this rule, must be somewhat in- 
creased, in order to allow for the greater frietion, the inaccuracies. 
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TaBue 51. 


The dimensions of (dry counter-current) fall-pipe jet-condensers, with 
at a vacuum 








Steam to be condensed in one hour in kilos. 300 | 500 | 1000 | 1500 

| 

- 
The necessary quantity f Weight of steam x 10, litres | 3000 | 5000 |10000 15000 
of cooling water Weight of steam x 40, litres 12000 20000 40000 60000 
5 Diameter - - mm. 400 | 4501 550 650 

ne wishous Height measured to the 
BISBR sieve - - - mm. At least 3000 mm.— 
3 Diameter - - - mm. 500 | 8550| 6001| 700 
ng wish Height measured to the 

sieve - - - mm. | 2400 | 2400 ı 2400 | 2800 

of the steam inlet, for 705 mm. vacuum, 2 | 
per cent. loss of pressure - - - mm. 200. 250723507 200 
5 |of the water inlet with a head of 3 m. - mm. 50 60 0, 9 
ae ee er 5 . 6 m. - mm. 45 55 70 80 
3 Mn % 9 m. am, 40 50 65 18 
A 5 5 air. -pipe (at 15°C. rs - mm. 50 60 80 90 
„ fall-pipe, when 10,700 mm. , high = m 90| 105| 145| 175 
a er - mm. 75 854, 1107125 
Number of holes in the perforated 5 mm. diameter | 125|) 210| 415| 620 
plate, with a head of 10 mm. et mm. r 90| 145|:290| 435 
water, + 10 °/, for obstructions (7 mm. ss 70| 110| 215| 320 














and contractions. The diameters in Table 51 are determined in this 
manner. 

If.the diameter of the condenser, A dem., is fixed, then the height 
of the lowest stage, e,, for condensing the weight of steam, D, in one 
hour is at least 


%u = 10004 
Accordingly, 
For D = 1000 2000 5000 10,000 kilos. of steam. 


and A cc 775 215 Km 
e,= 170 255 440 630 mm. 


But, on account of the vortex and frietion oceurring at this place, 
the height of the lowest stage should be increased to about 


e,= 220 330 550 700 mm. 


The succeeding upper steps may then be put nearer and nearer 
together. There may be 3-4 whole stops or 6-8 half stops. 
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TABLE 51. 


and without steps, for condensing 300-12,000 kilos. of steam per hour 
of 705 mm. 


Te 
2000 3000 , 4000 | 5000 | 6000 | 7000 | 8000 | 9000 | 10000 | 11000 12000 





| | e 

20000) 30000 40000 | 50000 |, 60000 , 70000 ı 80000 | 90000 100000 1110000 120000 

80000 120000 1160000 200000 240000 280000 ‚320000 1360000 400000 440000 480000 
700 775 900) 1000| 1100|) 1200| 1275| 1350| 1400| 1450 1550f 





Holes in perforated plate not larger than 2 mm. diameter. 
775I 900| 1050| 1175| 1250| 1350| 1450| 1550| 1600| 1675 1750 





2800), 2800| 3200| 3200| „3200| 3200| 3600| 3600 3600 ° 3600 3600 





450 500 575 650 700 750 800 850 900 950 1000 
105| 125 135 155 170 1850| 190 205 31541 225 230 
90 110 120 135 145| 155| 165 175 185| 190 195 
85 100 115 125 1355| 145) 150 160 170). 19 185 
100) 115 125 135 145 | 155| 160 165 1791 80 190 
2001| »235 280 300 330 350| 380 400 420 440 460 
E05) 190 215 2251| 2501 275 285 300 | 315 325] 
825] 1240. 1660| 2070| 2480| 2895| 3300| 3720) 4135| 4550. 4960 
5800 865| 1150|) 1440, 1730| 2090| 2305| 2595| 2880| 3165 3455J 
420, 635 845| 1060| 1270| 1480| 1690| 1905| 2115| 2335 2545 

| 
































The diameter of the steam pipe is obtained as with wet condensers. 
It is determined by means of Table 32. 

The diameter of the water pipe may also be determined as before. 
The limits of the temperatures of the steam are about 35°-60° C., of 
the water about 8°-30° C., and consequently, according to Table 41, 
10-40 kilos. of water are required to condense 1 kilo. of steam. The 
diameter of the water supply pipe is then obtained from Table 36, if 
the available pressure is known or assumed in each case. In Table 
öl the diameters are given for heads of 3, 6 and 9 m. 

The water is sprayed in the condenser in many different ways. If 
the water is distributed by means of an overflow (sill), or an overflow 
is used as a preliminary, Table 43 serves to fix the dimensions. The 
width or eircumference of the overflow (length of the sill) is generally 
known from the diameter of the condenser. Table 43 then gives the 
depth of the layer of water running over. The sheet of water so 
formed naturally diminishes in thickness during its fall. 

When the water is distributed through a perforated plate, by 
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assumption of the diameter of the holes, the number may be at once 
obtained from Table 44, and then from the size of the plate the dis- 
tances between the holes can be determined. 

In caleulating the number of holes, n, in the sieve, their diameter 
must be taken according to discretion. The smaller they are, the 
more thoroughly is the water divided, but they are the more readily 
stopped up. | 

The number of holes is determined for the smallest probable 
consumption of water, assuming a suitable height for the water (10 
mm.in Tables 44 and 5l). An increased head of water causes the 
flow of an increased quantity of water sprayed to the same extent. 

The perforated plates have naturally a high rim, in order to make 
possible a large pressure. 

In Table 51 the number of holes is given for the minimum 
quantity of water, a head of 10 mm. and holes of 5, 6 and 7 mm. 
.diameter. 

The section of the air-pipe follows from the weight of air to be 
hourly exhausted, which is taken at 0'25 kilo. per 1000 kilos. of 
water, calculating from the greatest consumption of water. Table 
35 gives the necessary measurements. 

The diameter of the fall-pipe or barometer pipe is obtained from 
the maximum quantity of injected water, to which is to be added the 
weight of the condensed steam. It is found in Table 42. 

In Table 51 the diameter of this waste pipe is given for two 
heights—10'7 and 11:02 m. 

It hardly appears to be necessary to calculate an example, which 
would be merely repetition, in view of the example calculated of a 
wet condenser. 

The loss of heat from the warm condenser walls is an advantage, 
but it is insignificant compared with the weight of steam hourly 
condensed. 

Example. —The condenser for condensing 1000 kilos. of steam per hour has a 
surface of 7 sq. m. (Table 51). It therefore loses in one hour, if its average 
temperature is 55° C. and that of the atmosphere 10° C., 7 x 505 = 3535 calories 


(Table 39). Thus it condenses about 6 kilos. of steam per hour on the inner 
wall, which is equal to 0°6 per cent. of the total condensation. 


The surface of the cold water, on the perforated plate and in the 
feed-box inside the condenser, does not condense steam, which should 
always be completely liquefied below the plate, but it serves to cool 
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the air. For this purpose the jets and sheets of water formed above 
the perforated plate are also useful. 


B. Surface-Condensers (Coolers), 


Surface-eondensers are designed to condense vapours from the 
most diverse sources, and generally also to cool the condensed liquid 
(hence they are often known as coolers), without the cooling medium 
— generally cold water, more rarely air—coming into direct contact 
with the substancee. The exchange of heat takes place through a 
metal wall. 

The space in which condensation occurs may be under the 


pressure of an atmosphere or under a lower pressure (vacuum). 


There are at present no certain observations to show that the 
‚vapours of different liquids have different coefficients of transmission 
of heat (which might perhaps depend on the specific gravity of the 
vapour). Thus it must for the present be assumed that these 
coefficients are the same for all vapours, and also that they do not 
alter for different pressures. It may be left an open question whether 
the coefficient is not in fact less at very low pressures. 

Surface-condensers may be formed from systems of tubes, through 
which the vapours pass, whilst the water flows outside, or the water 
may pass through the tubes and the vapours outside. They may be 
made from coils, bundles of pipes, and eylindrical or plane surfaces, 
which are cooled by water or air on one side, whilst the other is in 
contact with the vapour. 

If water is used as the condensing agent, it may rise en masse 
about the surfaces or flow down in a thin layer over them. 

If the air is used as the cooling agent, it is forced through pipes 
round which moves the liquid to be cooled. 

Thus this species of condenser may be separated into :— 


1. Enclosed surface-condensers cooled by water. 
2. Enclosed surface-condensers cooled by air. 
3. Open surface-condensers. 


1. Enclosed Surface-Condensers with Water Cooling (Coolers). 


Figs. 17, 18 and 19 show typical forms of these condensers. 
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(a) The Mean Temperature Differences, 6,. and 6,x- 


If there are inot particular reasons for another arrangement, this 
species of apparatus is naturally constructed for opposite currents, t.e., 
in vertical condensers the steam enters atthe top and the water below. 
Generally the vapour passes through and the water about the tubes ; 
occasionally, however, for convenience in cleaning the tubes, the 
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Fıe. 18. 


vapour is sent round and the water through them. This latter ar- 
rangement influences the exchange of heat only in so far as it generally 
- diminishes the velocity of the steam and increases that of the water. 
From what was said in Chapter I. it is evident that two periods 
must be distinguished in condensers which also cool, viz., the period 
during which the vapour is condensed and the period during which 
the condensed liquid is cooled. 
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If the vapour brought no air with it, it would retain the same 
temperature to the end of the first period in which the condensation 
oceurs, since its pressure would remain almost the same. In pro- 
portion as it advanced over the cooling surface, its quantity, and 
hence its velocity, would gradually diminish until both became zero, 
but it would remain at a constant temperature so long as it existed. 
If then all the vapour had disappeared at a certain place in the con- 
denser, the remaining space would be filled with air at a tension equal 
to that of the vapour. The spaces filled with vapour and air would be 


Water, t;.. 


Vapour. 
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marked off with tolerable sharpness, and this would also be the case if 
the condensation oceurred in vacuo. In reality, however, the vapour 
always contains more or less air, which increases in pressure the more 
the quantity of the vapour is diminished by condensation. Thus there 
is a gradual transformation from the space in which there is only 
vapour to that in which there is only air, through a space in which 
the two are mixed. 

This air, which is introduced by the vapours to be condensed, 
must be conducted away, either into the atmosphere or to the air- 


17 
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pump. Thus condensers or coolers must be provided with a pipe, 
which leads the air from their interior into the open or to the air- 
pump. This pipe must not be obstructed by liquid, since the varia- 
tions in the pressure and amount of air introduced into the condenser 
would cause currents backwards and forwards in this pipe in order to 
equalise the pressure. The presence of liquid in the pipe would 
prevent the free movement of the air and might cause irregularities 
in working. 

Since condensation, ?.e., the production of liquid from the vapour, 
commences immediately the vapour enters the condenser, its walls are 
at once covered by liquid lowing downwards; the quantity and velocity 
of which increase towards the bottom. This liquid forms an obstacle 
to the transfer of heat which cannot well be disregarded. The liquid 
flowing down has not the temperature of the vapour nor that of the 
cooling medium (water); its temperature lies between the two. At 
that place in the condenser at which condensation is practically 
finished, the condensed liquid is always cooler than the vapour from 
which it was formed. Unfortunately, in the lack of suitable experi- 
ments, it is not accurately known what relation its temperature bears 
to those of the vapour and cooling water. 

For this reason, and because we wish to avoid other arbitrary 
assumptions, and finally also because this condition has only a slight 
influence on the estimation of the size of the cooling surface, we shall 
assume in what follows (though incorrectly) that the liquid condensed 
has at the end of the condensation the temperature of the vapour, and 
_ that in the following period it is cooled from the temperature of the 
vapour to the desired lower temperature. 

The transfer of heat is universally assumed to be directly propor- 
tional to the difference in temperature between the two substances 
engaged in the process. Therefore, in the first place, we must 
determine the mean temperature difference between vapour and cool- 
ing water and then that between the condensed liquid and the water. 

We know, from Chapter I., that the mean difference in tempera- 
ture is in most cases not equal to the arithmetic mean of the initial 
and final differences, but is (equation 10): 


RT. 
R Zu 50) 
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in which 6, denotes the greatest and p the least difference in tempera- 
ture, the latter expressed as a percentage of the former. 


. Example.—I£ the greatest difference, 0. = 60°, the least difference = 6°, then 
B 6 x 100 
am 





= 10 per cent. 


In Table 1 are found the values of 6, caleulated for the case in 
which 6, = 1, and for p = 1 - 100 per cent. 


Example.—For 6. = 60° and p = 10, Table 1 gives 0. = 0'391 x 60 = 23°46°. 


In order to determine the cooling surfaces, it.is necessary to know 
the mean temperature difference for each of the two periods singly, 
t.e., for the period of condensation of the vapour and for that of 
cooling the condensed liquid. It would, however, be inconvenient to 
caleulate this specially every time. Table 52 is therefore given, in 
which the mean differences are given for a large number of cases— 
for steam at atmospheric pressure at the temperature of 100° C., for 
steam of lower pressure at vacua of 6ll and 705 mm. (temperatures 
of 60° and 40° C.), and also for alcohol vapour at 80° C., always cooling 
by water. 

The cooling water may have various original temperatures, those 
Of t,, = 25°, 5°, 10°, 15° and 20° C. are considered in the table. The 
water may also flow away at various temperatures; the final tempera- 
tures, {„,=20°, 30°, 40°, 50°, 60°, 70° and 80° C., are given in Table 52. 
Finally, the condensed liquid is obtained at different temperatures ; the 
cases are considered in which it leaves 2°, 5°, 10°, 15°, 20° and 25° C. 
hotter than the cooling water. 

In Table 52 the mean difference in temperature between vapour 
and cooling water in the first period (condensation) is represented by 
Ö,1., the mean difference between condensed liquid and cooling water 
in the second period (eooling) is represented by 6,,,. 


Example. —The steam to be condensed is at 100°, the cooling water is 
originally at 10° and is to flow away at 60°. The condensed liquid is required 
to be at 15° C. 

According to our assumption, the steam is only to be condensed in the first 
period, not cooled. 1 kilo. of steam at 100° ©. has a total heat of 637 calories, of 
which 537 must be withdrawn in condensation. The condensed steam, the 
liquid, has still 100 calories; therefore, in order to cool it down to 15° Q., 85 
units of heat must still be removed (in all 537 + 85 = 622 calories). In the 
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i ; 85 85 
cooling period, therefore, 637 - 15 " 6889 of the total heat is to be removed, and 


€ 


in the condensing period = of tlıe total heat. 


The eooling water becomes heated in all from 15° to 60° C., i.e., through 45°, of 


o 85 x 45 
which me 


Thus, at the end of the condensation period, when the condensed liquid is 
still at 100°, the cooling water is at 10° + 6°15° = 16:15° C. 


= 6:15° is accounted for by the period of cooling. 








The steam enters at - - - - - =. .A° 
The water is finally at - - - - - 60° 
Difference - - - - - 40° 
The steam is finally at - - - - -+ 2490° 
The water at the same place isat - - - 16:15° 
Difference - - - - - 83:85° 
40 x 100 


40° is the following percentage of 83:85°:- p = a = 47:70 per cent. 


The mean temperature difference between steam and water in the first period 
is, therefore, according to Table 1, 4,2. = 0'7 x 83:85 = 587°. 








The condensed liquid at the top is at - - 100° 
The cooling water at the topisat - - - 16:15° 
Difference - - - - - 83:85° 
The condensed liquid at the bottom is at - - 15° 
The cooling water at the bottom is at - - 19= 
Difference - - - - - 5° 
5 x 100 


5° is the following percentage of 83°85°: - p = BIT 5'96 per cent. 


The mean temperature difference between the condensed liquid and the 
cooling water during the second period, according to Table 1, is 


Omr = 0'339 x 83-85 = 28°42°. 


Table 52 has been calculated in this manner. It shows :— 


1. That the mean temperature difference between vapour and coolıng 
water (first period) decreases with the increase in temperature of the 
waste water, but that it is very little affected by the exwtent to which 
the condensed liquid is cooled. In the latter respect the differences 


may be neglected im practice. 
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TABLE 52, 


The temperature differences between vapour and cooling water, 6,,., 
and between condensed liquid and cooling water, @,,, for steam 
at 100°, 60° (611 mm. vacuum), 40° C, (705 mm. vacuum), for 
alcohol vapour at 80° C. (83:6 per cent. by weight) in closed 
surface-condensers. 
The figures printed vertically are the temperatures of the cooling 
water at the place where condensation ceases and cooling begins. 
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Steam at 100° C. (atmospheric pressure). 
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TABLE. 52—(continued). 





Steam at 60° C. (611 mm. vacuum). |Steam at 40° C. (705 mm. vac.). 
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2. That the mean temperature difference between the condensed 
liquid and the cooling water (second period) is considerably affected by 
the extent to which the final temperature of the condensed liquid ıs to 
approach that of the cooling water, but that it does not depend to any 
great degree on the temperature of the waste water. In the latter 
respect the varıations may be disregarded, and the mean temperature 
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TABLE 52—(continued). 





Alcohol vapour at 80° C., about 90°4 per cent. strength by volume 
= 86°3 per cent. by weight. 





























© 
3 Specific heat, r = 0'8. Latent heat = 205 calories. 
Eee — Final temperature of the cooling water, t;.. 
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difference for the second period may be taken for all cases as the mean 
of the temperature differences calculated for waste water temperatuwres 
of 20°-80°, without regard to the actual temperature of the waste water 
in the particular case. 


(b) The Coeficients of Transmission of Heat, k, and k,. 


The coefficient, k,, for the passage of heat from steam to non-boiling 
water (first period) in open copper or brass tubes, is obtained from the 
empirical expression : 

k, = 750 0,0007 +%. . . x . (202) 
This formula is founded on observations made in actual practice on 
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large and small condensers of most varied forms; v, denotes the 
veloeity of the steam when it enters the condenser (initial velocity), 
v, the mean velocity of the cooling water. It appears to be un- 
questionable that the coefficient of transmission of heat in these cases 
(condensation of vapours in spaces connected with the atmosphere or 
with an air-pump) increases with the velocity of the steam and water. 

The velocity of the current of steam naturally decreases in the 
condenser from the beginning to the end, when it is zero. This 
decrease is in no way uniform, but is first rapid, then slower, following 
a curve not to be explained here. Since, however, the decrease in 
velocity must take place in almost all cases in the same manner, be- 
cause the essential conditions, which cause the decrease, are the same 
in all condensers, it is permissible to assume that the mean velocity 
of the steam, which is the factor to be considered here, is in a simple 
proportion to the initial velocity. 

As already mentioned in Chapter VII., there are many causes 
besides the velocities which influence the transmission of heat. These 
influences may be very great and often of such a nature that they 
cannot be expressed mathematically. The incrustations, which always 
occur to a greater or less extent, and are d priori quite indeterminable, 
often make any calculation deceptive ; but also the position and direction 
of the surfaces, the width, shape and capacity of the hot space, the air 
mixed with the vapour, all alter the action to a considerable extent. 
No equation can be given for k,, which expresses all these factors. 

For ceoils and tubular coolers, through which the vapours pass, 
equation (202) may be used with some confidence It is already 
corrected for an average diminution in efficiency due to the furring of 
the cooling surface. For extraordinary cases k, may be taken some- 
what larger or smaller. Equation (202) holds good for cooling surfaces 
of copper and brass; these have walls of tolerably equal thickness, 
which may therefore be disregarded. For iron surfaces, also because 
they generally are more furred than copper surfaces, the value of 
k, should be diminished by about 15 per cent., for thick lead surfaces 
by about 30 per cent. 

In Table 53 are collected the values for %k,, caleulated by means of 
equation (202), for initial velocities of steam of 1-65 m. and velocities 
of the cooling liquid of 0:'001-4 m. These values, k,, are for the first 
period—that of condensation. 

For the second period, that of cooling, in which the transfer of heat 
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The coefficient of the transmission of heat, k,, between steam at low 
pressures and water, which does not boil, with copper tubes, for 
initial velocities of the steam, v„, of 1-65 m. and velocities of the 
water, vd, = 0'001-4'0 m. (First period). 





Velocity of the steam when it enters the condenser tube, v,, in m. 





Velocity 
of the 1 
cooling 
liquid 
in m. 


12 | 16 


41619 20 25 | 30 49 | 56 | 65 


36 | 42 


























Coefficient of transmission, %.. 





.0:001 | 150) 210) 300) 375| 450 525 600] 675] 750) 825) 900) 97511050,11251200 
0:008 | 187| 262 375 448 562) 655, 750) 843] 937110301112511218]1312]1405 1500 
0:020 | 225) 315) 450| 563| 675) 788 9001101311125 1238135011463 157516881800 
0:035 | 262| 367) 524| 655) 786 91710481117911310/1441|1159511706|1834 1965 2100) 
0:056 | 300) 425) 600) 750) 900 1050112001135011500/1650 1800/1950) 2100225012400 
0:085 | 337| 475) 674| 842110111117911348/1516116851853/2022,2190 2356|2527 12696 
0:117 | 375, 528 750 9371125 1312/1500/1687|1875| 2062 2250 243712625 2312|3000 
0:160 | 412) 580) 82411030|12361442|1648|18342060 2266 2472/2678/2884/3090 13296 
0210 | 450) 634) 9001111011350 11575|1800|2025| 2250 2475 2700 2925|3150|/337513640 
0:266 | 487| 685) 97511230/146111704119481219112435 2678 29223165] 3409/3692)3896 
0:335 | 525, 74211050 1132511575 1837/2100/2362|12727 2987\3150 341236753937 14200 
0'415 | 562, 7921124 14171686 1967| 2248125292810 3091133723653 3934|421514496 
0:505 | 600) 8461200 1500 1800 2100|2400|2700|3000|330013600|13900 4200450014800 
0.607 | 637) 897127411592|1912/2230/2548|2866 3185 3503/3822 4140| 4459477715096 
0.720 | 675, 945|1350|1687|12025|2362 270013037 3375,3712/405014387|4726|5062|5400 
0:850 | 7121004 1424/1730 2136 2452/284813154|3560 3866/4272|457814984/5390/5696 
1:00 | 7501105711550 1925 2350 2625|300013375|3750|4125|4500 4875 5250 60256000 
1:50 | 8621120711724|2155 2586 301713448/3879/4310 4741)5172/5603/6034/6465|6896 
2:00 | 945,1323/1892/2362|2835:330713780|42524725/51975670/6142/661517087 7560 
2:50 [1013114182026 2532/3039)3545|4052 4558 5065 5571/607816584 7091175978104 
30 108711521/2174/2717 13261/3804 4348/4891 5435|5978|652217065|7609|815215696 
3:5 11140 1596/2230 2850|3420|3990 4520/5130 5700/6270 684017410|798018550|9120 
4:0 1120011800) 2400|3000 3600/4200 4800154006000 6600|7200|7800/8400 900019600 


















































is between the condensed liquid amd the cooling liquid—between two 
liquids—another coefficient, k,, holds good. 

The coefficient of transmission, /,, for the transfer of heat between 
two liquids moving with different velocities, is taken from equation 
(231) in the following chapter, for copper tubes: 

200 
ee 
Dan, 21 +6NV, 





Mi — 
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In this expression v,, denotes the velocity of one liquid, v,, of the 
other. 

Table 64 gives, by equation (232), the values of k, for velocities of 
the two liquids, v,, and v,,, from 0001-2 m. 

The veloeity, v,,, of the cooling liquid (generally water), which is 
rising and being heated, may be determined in any case after the con- 
struction of the apparatus, but is generally calculated previously ; it is. 
usually very low. As a rule, in cooling vessels the water rises with a 
velocity of 1-3 mm., although there is at times an endeavour to attain 
a higher velocity. ÖOccasionally 150 or even 200 mm. is reached. 

Apart from the uniform initial velocity, the cooling water acquires, 
through being heated on the hot surfaces, particular movements, the 
velocity of which may depend very largely on the temperature 
difference, the absolute temperature and the shape of the cooling 
surface. Thus the original velocity alone is not all. The warmer the 
cooling water is, the more readily it takes up heat (see the example on 
p. 32). 

The velocity, v,,, of the condensed liquid running down in the 
condenser is not known. It is generally greater than that of the 
cooling liquid. Certain observations lead to the conclusion that it is 
rarely more than 1 m. per second; v,, is therefore taken at 0'800. 
This holds good for cooling surfaces, which are wetted all over by the 
condensed liquid which is to be cooled. It is almost universal in 
practice to find only a portion of the cooling surface wetted. There- 
fore, for vertical tubes the caleulated surfaces must be approximately 
doubled. In coil coolers, in which the liquid only runs down on the 
lower part of the inner wall of the pipe, the upper and larger part 
remains unused, therefore the caleulated cooling surface, ,, for coils, 
must be multiplied approximately by 3. 


(c) The Condensing and Cooling Surfaces, H, and H,. 


We have now determined the dimensions of the principal factors, 
O,. O,x, k. and k, upon which depend tbe size of the condensing 
surface, H,, and cooling surface, H,; we now proceed to calceulate the 
whole surface necessary. It is 

Y e, 
6 ei 


PR 6... + 0,2164 





H 


Li 


(203) 
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Ze 
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In order to facilitate the estimation of the condensing and cooling 
surfaces necessary in each separate case, Table 54 is given, from which 
may be taken the surfaces for condensing and cooling 100 kilos. of 
water or alcohol vapour per hour. 

Table 54 consists of two parts. Part I. gives the surface, H,, 
required for condensing 100 kilos. of steam at 100°, 60° and 40° C., 


and of aqueous alcohol vapour at 80° ©. (86°3 per cent. by weight), in 


one hour, with vapour velocities of 1-64 m. and cooling water velocities 
of 0:001-1:00 m. Part II. then gives the surface, H,, required for 
cooling the condensed liquid. 

In using Table 54 it is therefore necessary first to seek in Part I. 
the surface necessary for condensation, and to add to this the surface 
required for cooling, obtained from Part II. and multiplied by 2 or 3. 

It was assumed in calculating this table that the cooling water 
enters at 10° C., which is its ordinary temperature. If the water is 
colder in any particular case, the surfaces may be somewhat smaller,, 
if warmer, they must be increased in proportion to the temperature 
differences given in Table 54. The figures are for copper heating 
surfaces. Iron surfaces must be 10-20 per cent. larger, lead surfaces. 
20-30 per cent. larger. An addition must also be made for ex- 
ceptionally thick walls. 

The first part of Table 54 is based on the assumption that all the 
vapour which enters the condenser is to be condensed. If this is not. 
the case, but only a part of the enteriug vapour is to be liquefied, the 


‘other part leaving the condenser as vapour, then the capacity of the 


cooling surface increases considerably. The increase depends on the 
veloeity with which the vapour leaves. In such cases the sum of the 
initial and final velocities of the vapour is to be taken as the basis of 


“ ealeulation. 


The cooling surfaces given for the condensation of steam at 40° C. 
are probably too low; it would be well in constructing apparatus to 
make them somewhat larger than is indicated in Table 54—say 15-20: 
per cent. larger. It appears that highly rarefied steam communicates. 
its heat less rapidly than high pressure steam ; this may be on account. 
of the greater distance apart of the molecules or on account of the 
sluggishness due to this cause. Table 54 assumes that the vapour 
passes through the tubes and the water flows outside them. If the 
reverse be the case, the greater velocity of the water is more favour- 
able and the lower velocity of the steam less favourable, but generally 
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TABLE 54. Parrtl. 


The cooling surfaces, H, and H,, in sq. m., requisite to condense and 
cool in one hour 100 kilos. of steam at 100° C., 100 kilos. of steam 
at 60° C., 100 kilos. of steam at 40° C., and 100 kilos. of aqueous 
alcoholic vapour at 80° ©. (86°3 per cent. by weight). 

The steam enters at velocities, v,, from 1-64 m. The cooling water 
has veloeities, v,, from 0'001-1'00 m. 

The initial temperature of the cooling water, ti, = 10° C. The final 
temperature of the cooling water, t,, = 20°-80° ©. 

The condensed liquid leaves at 2°-25° ©. above the initial temperature 
of the cooling water. 


Steam at 100° C. (atmospheric pressure), € = 537. 





Final temperature of the cooling water, ty. 





Initial Velocity |. 


| 
velocity of the 20 30 40 °, 950 60 70 80 
of the cooling | | 
steam. water. 








The cooling surface, H,., in sq. m., required to 
condense 100 kilos. of steam per hour. 





1:0 0.001 4:29 | 4:62 
0.009 343 | 3:69 
0.020 2:86 | 3:08 
0'210 1:43 | 1:54 
1.000 0:86 | 0:93 
1'5 0-001 302 | 978 
0.009 2:81 | 3:00 
0.020 2:36 | 2:52 
0'210 118 | 228 
1:00 RTL WTO 
2 0.001 3:01 | 3:27 
0.009 2:41 | 2:61 
0.020 2:02 | 2:18 
0:210 101 ] 209 
1:00 0:61 | 0:66 
4 0001 2:15 | 2:31 
0.009 1:72 | 1:85 
0.020 1:44 | 1:54 
0210 72] OT 
1:000 0:43 | 046 


8 | 6:20 | 6:90 | 8:40 
6 | 496 | 5:52 | 672 
4 | 4:14 | 4:60 | 5:60 
2 
9 
7 





2:07 | 2:30 | 2:80 
1:24 | 1:40 | 1:68 
5:10 | 5:66 | 7:00 
3-58 | 4:08 | 4:53 | 5:60 
2-98 | 3-40 | 3:78 | 5:34 
1:49 | 1:70 | 1:89 | 2-67 
0-89 | 1:02 | 1:13 | 1:40 
4-40 | 4:90 | 6:00 
3:06 | 3:52 | 3:92 | 4-80 
2:56 | 2:94 | 3:28 | 400 
1:28 | 147 | 1:64 | 2:00 
0:77 | 0:88 | 0:98 | 1:20 
2-73 | 3:10 | 3-45 | 4-20 
2-18 | 2:48 | 2:76 | 3:36 
1:82 | 2:08 | 2:30 | 2:80 
0-91 | 1:04 | 1:15 | 1:40 
0:55 | 0:62 | 0:70 | 0:84 








TOAST IHSDRTDSOIDHOHND 
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TaBuE 54. Part I.—(continued). 





Steam at 100° C. (atmospheric pressure), c = 537. 





Initial 
velocity 
of the 
steam. 


[Ss] 
Or 





Velocity 
of the 
cooling 
water. 


Dr 


Final temperature of the cooling water, tx.. 





0 | 0 60 °; 707780 





The cooling surface, H., in sq. m., required to 
condense 100 kilos. of steam per hour. 





0.001 
0.009 
0.020 
0'210 
1:000 
0001 
0:009 
0.020 
0'210 
1:000 
0001 
0.009 
0:020 
0210 
1:000 
0:001 
0.009 
0.020 
0210 
1000 





1:43 | 1:54 | 1:67 | 1:82 | 2:07 | 2:30 | 2:80 
1:14 | 125 | 1:50 | 1:38 | 1:66 | 1:84 | 2:24 
0790: 1.027, 1722| 1:227| 1.838 7 1341 338 
0:45 | 0:51 | 0:56 | 0:61 | 0:69 | 0-77 | 0:94 
0:29 | 0:31 | 0:36 | 0:37 | 0:42 | 0:46 | 0:56 
1:08: |»1:16 | 725. | 7-36. | 1:55°| 178 29 
0:86 | 0:95 | 1:00 | 1-09 | 1-24 | 1:83.) 768 
0:58 | 0:64 | 0:68 | 0:74 | 0:84 | 0:92 | 1:12 
0:29 | 0:32 |, 0:34 | 0:37 | 0:42 | 0-46 | 0:56 
0:22 | 0:24 | 0:25 | 0:27 | 0:31 | 0:35 | 0-42 
0-96 704 | 1:72 | 122 | 1:38 | 1542 | 58 
0er 1) 0.837 | 0:89) 0:97 | 110) 223 74150 
0:64 | 0-70 | 0:75 | 0:82 | 0:90 | 1:02 | 1:26 
0:32 | 0:35 | 0:38 | 0-41 | 0:45 | 0:51 | 0:63 
0.20: ) 0:21 | 023/025 | 028708L.7088 
0-86 | 0:93 | 1:00. | T:09 | 194 | 128) 163 
0-71 | 0:75 1.0:89:.0,87 | 700) PO 7238 
058 | 0:62 | 0:67 .| 072 | 0:64 | 0:90 | 112 
0:29 | 0:31 | 0:34 | 0:36 | 0:32 | 0:45 | 0:56 
0-17 | 019 | 020 | 022 | 0:25 | 098 7 088 























difficult to ascertain. 


The eflicieney of the condensing surfaces may 


then be taken at about 20 per cent. less than that given in the table, 
to which extent the surfaces should therefore be increased. 


| Example. —100 kilos. of steam at 100° C. are to be condensed and the liquid 
cooled to 15° C. The cooling water is originally at 10° and is to flow away at 
| 60° C. The steam enters with the velocity, vg = 30 m., the water with the 


velocity, %, = 0'002 m. 


In order to condense 100 kilos. of steam, (637-100) 100 = 53,700 calories must 


be withdrawn from it. 


In order to cool 100 kilos. of water from 100° to 15° 


(100-15) 100 = 8500 calories must be abstracted. 
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Tarız 54. Parr I. —(continued). 


Steam at 100° C. (atimospheric pressure), c = 537. 










{| Initial 
velocity 
of the 


steam. 


Velocity 
of the 
cooling 
water. 


Final temperature of the cooling water, t;.. 





20 DE 










The cooling surface, H,., in sq. m., required to 
condense 100 kilos. of steam per hour. 























30 0:00:* | 0:78 | 0:84 | 0:92 | 1001 1:57 12p a7 
0:009 0:62 | 0:67 | 0:73 | 0:80 ) 092700 7223 
0.020 0:52 | 0:56 | 0:62 | 0:67 | 0:76 | 0:84 | 1:04 
0210 0:26 | 0:28 | 0:31 | 0:34 | 0:38 | 0:42 | 0:52 
1:000 0.16 | 0:17 | 0:19] 020 | 0287026 7051 
36 0-001 0:72 | 0:77 | 0:83 | 0:91) 1042| 17957 229 
0.009 0:57 | 0:61 | 0:66 | 0:73 | 0837 0927 192 
0.020 0:48 | 0:52 | 0:56 | 0:62 .. 0:76 | 0:78 | 0:95 
0210 0:24 | 0:26 | 0:28 | 0:31 | 0:38 | 0:39 | 0-47 
1:000 0:15 | 0:16 1.017 | 0:19) 0217 02 7025 
49 0-001 0:62 | 0:66 | 0:72 | 078 | 0:89 | 1:00 | 1:20 
0.009 0:50 | 0:53 | 0:58 1.0:62 | 0:72 | 0:80 | 0:96 
0.020 0:42 | 0:44 | 0:48 | 0:58 | 0:60 | 0:68 | 0:80 
0210 0:21 | 0:22 | 0:24 | 0:29 | 0:30 | 0-34 | 0:40 
1:000 0:13 | 0:14 | 0:15 | 0-16 | 0:18] 020 7 024 
64 0.001 0:54 | 0:58 | 0:63 | 0:68 | 0:78 | 0:87 | 1:08 
0.009 0:44 | 0:47 | 0:51 | 0:55 | 0:62 | 0:71 | 0:84 
0:020 0:36 | 0:38 | 0:42 | 0:46 | 0:52 | 0:58 | 0:70 
0210 0.18 | 0:19 | 0-21 | 0:23 | 0:26 1] 029 7 088 
1:000 0-11 | 0:12 | 013 | 074 | 04167 9 7 021 














According to Table 52, the temperature differences for the present case are 
On. = 587° and Or = 277°, and the coefficient of transmission, according to 
Table 53, is in the first period (condensation) k. = 830, and in the second period 
(cooling), according to Table 63, kr, = 212. 

The cooling surface for the (first) period of condensation is therefore 

| 0 53700 





He, = 1:13 sg. m. 


— Kedme 880 x 58-7 

The cooling surface for the (second) period of cooling would be 
(6% 8500 

Bez 0. AR x 77T 

if it were all used. The cooler, however, is to be made in the form of a coil; the 


= 1'44sq m. 











ie er 
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TaBıe 54. Part 1l.—(continued). 











Steam at 60° C. Steam at 40° C. 
Vacuum = 611 mm. Vacuum = 705 mm. 
c = 564. Gone 
Initial Velocity Final temperature of the cooling water, t;.. 
velocity of the 
—ofthe cooling 
steam. water. 20 30 | 40 50 20 30 35 





Cooling surface, H., in sq. m., required to 
condense 100 kilos. of steam per hour. 
Va Ur 








4 0001 4209: 4268 | 9:50 | 714 | 6:76 1102071922 
0:009 324 | 3:90 | 420 | 5:85 | 5-41 | 8:16 |10:73 
0.020 2:70 | 2:12 | 3:68 | 476 | 4:52 | 6:80 | 8°96 
0'210 1:35 | 1:56 | 1:84 | 2:38 | 2:26 | 3-40 | 4-48 
1:000 0.317 10:92 | 1:10 | 145 | 1:36 | 201772 
9 0.001 2:70 | 3:13 | 3:70 | 476 | 451 | 6°80 | 8:95 
0:009 216; | 2508 2:96 | 8:81 | 3:01 loser 
0.020 1:80 | 2:10 | 2:48 | 3:18 | 3:02 | 4-54 | 5-98 
0210 0-90-| 1:05: | 1-24 | 1:59 | 151 | 2277239 
1.000 0:54 10:63: | 0,74 |, 0:96 1.0:°91.) 1 Bo. 1353 
16 0.001 2:03 | 2:84 | 2:75 | 8:57 | 3-38 | 3510/76770 
0.009 1:62 | 1:87 | 220 | 2:86 | 2717| 2087 57% 
0.020 1'36 | 2:56 | 1:84 | 2:38 | 2:26 | 3-40 | 4-46 
0210 0:68... 078.10:92 | 1.19. IB Pro 322 
1:000 D&l | 047 | 0:55 | 0:72. |. 0:68 702 
25 0.001 1:62 | 1.88 | #22 | 2:86 | 2:71 | 4-08 | 537 
0:009 1.50.2350.) Ir | 2351| 2797| 325 22a 
0:020 1:08 | 1:26 | 1:48 | 1:92 | 1:86 | 2-72 | 3-58 
0:210 0:54 | 0:63 | 0:74 | 0:96 | 0:93 | 1:36 | 1:79 
1:000 0:33 | 0:38 | 0:44 | 0:58 | 0:55 | 0-82 | 1:08 
36 0:001 1:36 | 1:57 | 1:86 | 2:38 | 2-26 | 3-40 | 4-48 
0.009 1:09 | 1:26 | 1:51 | 1:90 | 1.81 | 272 | 359 
0.020 0:92 | 1:06 | 1:24 | 1:58 | 1:52 | 2-28 | 2-98 
0.210 0:46 | 0:53 | 0:62 | 0:79 | 0:76 | 1:14 | 149 
1:000 0:27 | 0:32 | 0:38 | 0:48 | 0-46 | 0:68 | 0-90 




















m Al 
cooling surface must therefore be increased to about 3 x 1:44 — 4-39 sq. m., since 
only one-third is really active. The total surface is therefore 

= SEA nA sg. m. 
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TABLE 54. Part I —(continued). 








Aqueous alcohol vapour at 80° ©. (803 per cent. strength by weight = 90 
per cent. by volume). 














Final temperature of the cooling water, tz. 






Initial Velocity of 
velocity of the cooling 
the vapour. water. 20 30 40 | 50 | 60 | 70 








Cooling surfaces, H.,in sq. m., required to 
condense 100 kilos. of vapour per hour. 

























1 0001 2:60 | 3:03 | 3:33 | 3:87 | 4:59 | 6:18 
0.009 2:08 | 2:42 | 3:66 | 3:11 | 3:67 | 495 
0.020 1:74 | 2:02 | 2:22 | 2:58 | 3:06 | 4:12 
0210 0:87 |, 101 | 111] 1237 Les 208 
1000 0:52 | 0:61 | 0:66 | 0:78 | 0:92 | 1:24 
2 0.:001 1:84 | 2:15 | 2:36 | 2:74 | 3:25 | 4:38 
0:009 147 1:72 | 1:89 | 219 7 2007 550 
0.020 1:24 | 1-44 | 158 | 1:84 | 2787 298 
0210 0:62 | 0:72 | 0:79 | 0:92 | 1:09 | 1:49 | 
1:000 0:37 | 0:43 | 0:48 | 0:55 | 0:65 | 0:88 
4 0-001 1-30 | 1:57 | 1:67 | 194 | 2307 32 
0:009 1:04 | 1:26 | 1:34 | 1755 | 1827 225 
0.020 0:88 | 1:06 | 1:12 | 130 | 1542| 2067 
0'210 0-44 | 0:53 | 0:56 | 0:65 | 0:77 | 1:08 
1:000 0:26 | 0:32 | 0:34 | 0:39 |, 0:46 | 0:62 
6 0001 104 | 1-21 | 1:33 | 155 | 182 | 227 
0:009 0-83 | 0°96 | 1:06 | 1:24 | 147 | 19% 
0.020 0:70 | 0:82 | 0:90 | 1:06 | 1:24 | 1:66 | 
0210 0:35 | 0-41 | 0:45 | 0:53 | 0:62 | 0:83 
1:000 0:21 | 0:24 | 0:27 | 0:32 | 0:37 | 0:50 
I 0.001 0:87 41:81 | 11112129] 18 7 20 
0:009 0:71 | 0:81) 0:89 | 1:02 | 122 | 1:65 
0.020 0:58 | 0:68. | 0:74 | 0:86 | 1:04 | 1:38 
0210 0:29 | 0:34 | 0:37 | 0:43 | 0:52 | 0:69 
1:000 0:18 | 0-21 | 0:22 | 0:26 | 0:31 | 0:42 























In the practical construction of apparatus the original temperature 
of the water is frequently unknown, and also several other conditions 
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The cooling surface, H,., for cooling 





100 kilos. of condensed steam 
at 100° C. per hour. 


100 kilos. of condensed 


steam at 60° ©. (611 


mm. vacuum) per hour. 





Temperature difference between initial temperature 
of the cooling water and final temperature 
of the condensed liquid. 


























Velocity of the cooling water. 


Velocity of the cooling water. 























l | 
IE ‚10° | 19° | 20° | >| 9° | 5° | 10° | 15° | 20° 
| | 
Cooling surface in sq. m. 

Ur Ur 
0:001 |2:0011:5211:15.0°9210:80 0:701:60 1:180°83.0:630-50| 0:001 
0:009 11:60 1:21/0:920:73,0°64,0°56 1:28.0-95.0:66.0-54.0-40| 0:009 
0:020 [1:4011:0610°81/0:64,0°5610°49 1:120-83 0:58 0:44.0°35]| 0020 
0:210 |0:86/0:6510°48.0:4010°35.0°31|0:69/0:51.0°360:27'0:22] 0'210 
1:000 |0:60 0:46/0:34.0°28.0:24/0:21|0:480:35.0:250:190:15| 1:000 

| 











| ! | 
m 


100 kilos. of condensed steam 


at 40° C. (705 mm. 
vacuum) per hour. 


100 kilos. of condensed 


aqueous alcohol at 
80° C. (86°3 per cent. 


by weight). 





Cooling surface in sq. m. 





| 
a7 
0:001  |1:40.0:90 0:56.0:3 
0:009 |1-120:720-45/0°2 
0:020 |0:98.0-63.0:400°2 
0210 [0:60 0:39 0-240-1 
1:000 10:420:27.0:160-1 








SO999 
OHHem 
STARS 


— 11'35 
— [1:08 
— [0°95 
—- [0:58 
— 1-41 


1070-801 — 
0:86,0°64| — 
075056 — | 
0-460°35| — 
0:320:24| — 














Fa nn 


The initial temperature of the cooling water is taken at f, = 10° C. 


These cooling surfaces hold good only for surfaces entirely wetted. Inthe case 
of vertical tubular coolers these surfaces must be at least doubled, in worm coolers 


they must be at least trebled. 


18 
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cannot be exactly estimated beforehand;; it is therefore necessary to 
make allowances for these uncertainties. The following assumptions 
appear to be quite reasonable :— e 

















Aqueous 
Steam. alcohol 
vapour. 
The vapour to be condensed 
is at - - - - | 100° 60° 40° 80° 
It enters the cooling coil with 
the velocity - - % = | 30-50 | 40-60 | 45-65 | 4-5 m. 
It enters the tubular cooler 
with - - - da = | 20-30 | 20-30 | 25-35 | 2-3 m. 
The veloecity of the water should 
be as great as possible and 
at least - - -% = | 0:001 | 0:001 ) 0.0017 0.0052 
The initial temperature of the 
water is taken at -t,= 1:07 !U8 192 10° 
The final temperature of the 
water is taken at - i, = | 70°-80° | 40°-50°| 30° 60° 
The condensed liquid is cooled 
down to - - Abe 1.09% 15° 15° 19° 





For the sake of convenience in making similar caleulations two 
other tables are given, the first of which, Table 55, contains the 
weights of steam at 100°, 60°, 40° and 35° C., and of alcohol vapour, 
ether vapour and air, which pass through pipes of 10-100 mm. dia- 
meter in one hour with a velocity of 1 m. per second. At any other 
velocity, v,, the weight of vapour passing is v, times as great. 

The second Table, 56, gives the quantity of water which rises in 
one hour with a velocity of 0'001 m. in vessels of 300-1250 mm. dia- 
meter. If the, velocity be v,, the quantity of water is v,, times as 
great. ° If the quantity of water and the diameter of the vessel are 
known, Table 56 gives the velocity, v,,. 


(d) Estimation of the Dimensions, d and |, of the Cooler Tubes. 


As with evaporator tubes (Chapter VIII., Table 13) so also with 
condenser tubes, in which vapour is to be liquefied, it is necessary to 
caleulate not only their cooling surface, A, but also the actual 
measurements, 2.e., to estimate their length and diameter, since too 
long tubes would be inactive at the end. 
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TABLE 55. 


The weight of steam, in kilos., which passes through tubes of 10-100 
mm. in diameter in one hour at the velocity, ©, = 1 m. per second. 
En Fe a 

Steam. 


Diameter of the tube in mm. 


Pres- | Tem- 
sure. | pera- 








ture. | | 
Atmos. 10 118) 20 | 25|830|35|40| 50 | 60 70 80 | 90 | 100 
abs. SIG 
| | | | 
5 134 [0-48 11:08 [1:92 |3:0014°32|6°00|7:6511°8 117-2 123°5 30:6 |38°9 |48°9 
2) 128 10-40 0:91 |1:60 |2-5213-66!5-00|6°43| 9781145 |18°9 1257 1327 |40°0 
2 121 |0:33 |0:74 11:31 |2-05/2-96]4:00)5°28| 7951118 |16°1 |20°9 |26°6 |33°0 
125 112 10:25 0:56 |1:00 |1-56|2-2413-0014:00| 6:03| 8-99112°3 |115°9 120-3 |25°0 
1 100 10:17 |0-38310-685|1:071°5412°1012:73| 427| 6:16) 8-48110°9 |13°9 |17°0 


0:196 | 60 0-04 [0:083|0:143/0-230:33|0°43/0°:59| 0:93] 1'33| 1:79] 2:36] 3:00) 3:66 
0121 | 50 10:023|0:053/0:093/0:15/0°2110°29/0-:38| 0:60] 0:87| 1’14 1:50) 1:90] 2:34 
0:072 | 40 10:01410:033/0:058/0:0910°1310:18/0:23| 036) 0°5 | 0:70, 0:92) 1:17| 1:43 
0:055 | 35 [0:011/0°015)0°049|0:07,0°10|0:14/0:18| 0:28) 0:40| 0:54| 0:72] O-91| 1-11 


























The weight of the vapour of aqueous alcohol. 
il 80° 10:39 |0-88 |1:55 |2:4013:50/4°80|6°25|10:°0 140 |19°0 |25°0 |31°8 39-0 





The weight of ether vapour. 
ü. 37:5° 10:80 |1:70 |3:10 |5:007:00/9-60|12°5120°0 30:0 |41:0 |53°0 |66°0 |82:0 














The weight of air. 
1. 15° [0:35 Si 1:38 12:1613:111421)5°54| 8°65|12°5 |16°9 21:1 |28-0 |34°6 
| | | | | | 


| | | | 
TABLE 56. 


The weight of water, W, which rises in one hour at the veloeity, 
v, = 0'001 m., through vessels of 300-1250 mın. diameter. 





| 
| Diameter of vessel- | 300 | 350 400° 450| 500| 550| 600| 650| 700| 750 
Weight of water, W | 252| 345| 452 | 572| 705| 855 | 1017 |1194 | 1385 | 1590 


| en, 








| 


: | 
Diameter of vessel- | 800| 850| 900| 950 | 1000 | 1050 | 1100 | 1150 | 1200 | 1250 
Weight öf water, W | 1800 | 2042 | 2289 | 2520 | 2820 | 3117 | 3420 | 3738 | 4068 | 4417 




















From the condition, that the quantity of heat given up by the 
condenser tube to the cooling water in unit time must be equal to 
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the heat of evaporation (or condensation) of the vapour introduced, | 
we obtain the equation: 
12 
Hy. = T v.3600ey. 2 2 2... (204) 
Inserting the values of H, and k,, we obtain 


dl 750 Yo, /0:007 + %, Om = ne v.3600cy, 


from which 
I 0 Na 
d 0,2. 8/0:007 + % 
. From this equation, the most advantageous proportion of the 
length to the diameter of the condenser tube may be caleulated for 
each special case. 

The great number of possible variations, due to the many variable 
factors, compels a restrieted choice of the cases to be treated in 
tabular form. 

In Table 57 are arranged the ratios of the dimensions of the 





. (205) 


tube, 7 caleulated by means of equation (205), for the condensation 


of steam at 134°, 121°, 100°, 60° and 40° C., and alcohol vapour at 
80° C. (86°3 per cent. by weight = 90°4 per cent. by volume), which 
enter the tube with velocities, v, = 4-64 m., for water velocities of v, 
= 0:001-3:0 m. and mean temperature differences, 6,, = 10°-70°. 

The following is the method of using the table: After fixing the 
desired entrant velocity of the steam, v,, the suitable diameter of the 
tube is obtained, for the quantity of steam to be condensed, from 
Table 55 by a slight calculation. Table 52 gives also the temperature 
differences in both periods (condensing and cooling) for the known 
or assumed initial and final temperatures of the cooling water. 
Table 57 gives-from these the proper ratio of the length of the tube 
to its diameter. 

The size of the resulting surface of condensation, H,, may then be 
caleulated from the dimensions of the tube. 

The surfaces, H,, required for cooling may be taken direct from 
Part II. of Table 54 and multiplied by 2 or 3 before use. | 

All these assumptions and tables are for copper and brass tubes; 
for those of iron or lead the additions, already frequently mentioned, 
must be made. 





The ratio 


DIMENSIONS OF 


TABLE 57. 
length of pipe 





’ diameter of pipe d’ 
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of copper condensing pipes (coils) for 


steam at 134°, 121°, 100°, 60°, 40° C., and aqueous alcohol vapour 
at 80°C. (86°3 per cent. by weight), when the vapour enters at 
velocities of v, = 1-64 m. and the cooling water has velocities 
of v,= 0:001-3°0 m., with temperature differences between 
vapour and cooling water of 0, = 10°-70° C. 



























































les Steam at 121° C. M|I|88 Steam at 134° C. 
2 e 35 (2 atmos. abs.) 8 |&8 (3 atmos. abs.) 
°©2 1358| Velocity of steam on a ae = Rn) Velocity of steam on 
= x .. > PR = an 
Eon | +5 entering, v., in m. eo |. entering, ©, in m. 
8 32] | as [82 | 
De eel4|9[16/25|36|49| 6. |” ° |"@ la |9 |16|25| 36 | 49 | 64 
Ur Om Ur On | | | 
m Ze Ratio, -. m ZOR Ratio, 2 
d d 
0:020 | 90 | 60) 90112011501180|210) 240] 0:020 | 90 | 8813211741220) 264) 308| 350 
80 | 6711021136117012041238| 270 SO | 9811461198244| 294| 342) 394 
70 | 76111411541190|228/266| 308 70 |112]163/224280| 336| 392) 450 
60 | 901136/18012221270|314| 360 60 [13211981264 320) 396| 462) 526 
50 11081162|21612701324 1378| 432 50 115812361316/394| 474| 580) 630 
40 |1361202/270/3401406 1476, 540 40 [1961294394490 588| 686 788 
30 [18012701360 490/540'630, 720 30 12641396 526,660] 792) 9241052 
20 1270410540 670,310, 938,1080 20 1394/5901788 .9801118211372/1578 
0:210| 90 | 30) 45| 60| 75| 901105) 120| 0-210 | 90 | 44| 66 871110) 132] 154) 175 
80 | 34| 51| 68] 8511021119) 135 so | 49| 73) 981122) 147| 171| 197 
70 | 38| 57| 77| 9511141133) 154 70 | 56| 841112140) 168| 196) 225 
60 | #5| 68] 9011111135/1157| 180 60 | 66| 9911321160) 198] 231] 263 
50 | 54| 811108113511621189| 216 50 | 79111811581197| 237| 275| 315 
40 | 68110111351170]2031238| 270 40 | 9811471197245) 294| 343] 394 
30 | 90[135/180|]2451270 315) 360 30 |1321198/263|330| 396| 462] 526 
20 11351205127013351405 469] 540 20 |197/295/394490| 591! 686) 789 
1:00 | 90 | 18| 27| 30| 45| 54| 63| 72| 1:00 | 90 | 26| 39| 52| 65] 78! 91| 105 
80 | 20] 30| 40] 50) 60) 701 81 80 | 29| 43) 59| 72| 87) 101| 118 
70 | 23| 34| 46| 56| 69| 8S0| 93 70 | 34| 51| 68| 85) 102| 119] 135 
60 | 27| 40] 54| 67| 81) 94 108 60 | 391 58] 79] 97| 117| 129| 158 
80 | 33| 50| 65| 82] 991115) 129 50 | 47| 70] 94|117| 141| 164| 189 
40 | 40| 60) 8110011201140) 162 40 | 59| 8811181177| 177| 206| 236 
30 | 54| 81/108113511621189) 216 30 | 7911181571195) 231) 306| 315 
20 | 8111211162]205 243/283] 324 20 [11811771237|295) 354| 413] 473 
3:00 | 90 I 10| 15| 21| 25| 30| 351 42] 3-00 90 | 19) 28] 37) 47| 57) 66| 73 
80 | 12| 18] 24| 30| 36) 42] 48 80 | 21| 31] 42) 52| 63| 71| 83 
70 | 14| 21| 28| 35] 42| 49| 55 70 | 24, 36| 47| 601 72] 84 94 
60 | 16| 24| 32] 40) 48] 56| 64 60 | 27| 40] 54| 67) 81] 94| 109 
80 | 19| 28| 38] 47| 57) 68| 76 50 | 33| 50] 66| 82| 99| 115| 131 
40 | 24| 36| 48] 60| 72] 84| 95 40 | 41) 61] 82/102) 123) 143] 165 
30 | 32| 48| 64| 80| 961112] 127 30 | 55| 8211101137| 165| 178] 219 
20 | 47| 71| 9511171141164] 190 20 | 83112511651206| 249) 290| 329 
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TABLE 57—(continued). 






























































. |8 © A ie Reo) d 
8103 Steam at 100° C. 82 e9 Steam at 60° C. 
os 1'8 Velocity of steam on 8 SE Velocity of steam on 
>5 Pr- entering, v«, in m. = Pr entering, va, in m. 
I |g39 og EL= 
2=2|s8so 23|8o 
oo 108 ao |orE 
Ps [ARE | | Ps |A3 
4 | 9 |16| 25 |36| 49 | 64 4| 9 | 16 |25| 36 | 49 | 64 
Ur On | | | Ur On 
a; MR 
re a 8 Ratio, —. ms, Ratio, —. 
d d 
0:001 | 70 155:7|82-5]1111139 [1661195 |220|0:001 | 50 | 18] 26 | 35 | 44| 53 | 62 | 71 
60 | 65 | 97 [1301162 [195227 |260 40 | 22] 33 | 44 | 55| 67 | 78 | 89 
50 | 78 1117 11561195 |234|273 [312 30 | 29| 44 | 59 | 74| 88 1103 [118 
40 | 97 146 11941243 [282/340 |390 20 | 44 66 | 88 11101133 1145 |177 
30 [130 195 1260325 1390/455 152010:009 | 50 | 14| 21 | 28 | 36| 43 | 50 | 57 
0:009| 70 |44°6 67 | 891111 11331156 1178 40 | 18) 26 | 35 | 44| 53 | 62 | 71 
60 | 52 | 78 11041130 11561182 |208 30 | 24| 35 | 47 | 59] 70 | 83 | 94 
50 | 62 | 93 11251156 11871218 1249 20 | 35| 53 | 71 | 89I106 |124 |142 
40 | 78 1117 11561195 2341273 |312|0:020 | 50 | 12) 18 | 24 | 30| 34 | 41 | 47 
30 [102 156 1208260 312364 1416 40 | 15) 22 | 30 | 37| 44 | 52 | 59 
0:020 | 70 | 37 | 55 | 74| 93 1117130 |148 30 | 20| 30 | 40 | 50] 59 | 69 | 79 
60 | 43 | 65 | 861108 11301151 [173 20 | 30) 44 | 58 | 74] 89 [104 [118 
50 | 52 | 78 [1041130 1156182 |20810:210| 50 | 6] 9:1) 12 | 15] 17 | 20 | 24 
40 | 64 | 97 11301162 195/227 |260 40 |7:5| 11 | 15 | 18| 22 | 26 | 30 
30 | 87 1130 173/216 259/303 |346 30 | 10| 15 | 20 | 25] 30 | 35 | 40 
0-210| 70 | 19 | 28 | 37| 46 | 55| 65 | 75 20 | 15| 22 | 30 | 37| 44 | 52 | 59 
60 | 22 | 33 | 44| 55 | 66| 77 | 8811:000| 50 |3:6| 53) 7:1] 9) 11 | 12 | 14 
50 | 26 | 39 | 52| 65 | 78| 91 1104 40 |4°4| 6°7| 8°9| 11|13-3|15°5]17°7 
40 | 33 | 49 | 65| 81 | 97/114 1130 30 | 6| 9 | 12 | 15] 17 | 20 | 24 
30 | 44 | 65 | 861108 11301152 1173 20 |8:9|113:2|17°7| 22] 27 | 31 | 35 
1000| 70 | 11 | 16 | 22] 28 | 34| 40 | 45 





2000| 70| 8 | 12-| 16) 20 | 241 28 | 82 


Oo 
oO 
=: 
m 
=; 
op) 
188} 
=: 
[8 
a Dr 
co 
I) 
co 
[0.0] 
1% 
u] 









































In the case of oily substances, or of steam which is bringing oily 
substances with it, the caleulated heating surfaces must be approxi- 
mately doubled for practical use, because oily matter sticks to the 
walls and considerably diminishes the conduction of heat. 

The figures apply only to pipes of eircular section, which are 
generally used ; for pipes of other s2ctions different values must be 
taken. 
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Aqueous alcohol vapour 
at 80° ©. = 86°3 per 






























































“ |88 Steam at 40° C. ES en re on 
“3 |83 Velocity of steam on “a | & B er en by volume. 
Se ı8% entering, v,, in m a ee 
»r|88 RR p BD», | 258 | Veloeity of vapour on 
ale a = entering, va, in m. 
(Sy go Le = 8 © 
golos 2 2 84 
Ps |ias5 Ps |: 

4 92 716172571367 | 497164 il) 92542562 E92 Ell6 
Ur Bm Ur On 
ER 2 nt 
m =(C Ratio, —. m. (© Ratio, —. 
d d 
0:001| 30 | 12 | 18 | 24 | 30 | 36 | 42 | 48 | 0:001| 60 |307| 43 | 61| 74) 92/122 
90-8 97 | 36 | Ab | 54 | 63 | 72 50 | 37 | 52 | 74| 89|111/148 
in 24s 536, E82 760, 27221782 596 40 | 46 | 65 | 9211111381184 
10 | 36 | 54 | 72 | 90 1108 1126 1144 30 | 61 | 85 1221146183244 
0:009| 30 9u Did OH Oz EI E33 20 | 92 |124 184/216 276368 
20 | 14 | 21 | 28 | 35 | 42 | 49 | 56 | 0:009| 60 |24:5| 34 | 49! 59| 73| 98 
lo ll9E 528712377 7467556. 765. 77 50 | 29 | 40 | 58| 69] 87/116 
107.19287 7497| 56 | 70 | 84 | 987112 40 | 37 | 52 | 74| 89/1111148 
0:020| 30 ae a ar ee rl 30 | 49 | 60 | 981109]147|196 
202 2102127187 724273057307 FA 72% 20 | 74 1104 |1481178222)296 
15 I 16 | 24 | 32 | 40 | 48:| 56 | 64 | 0:020| 60 |20:5| 29 | 41| 50| 61| 82 
OR NZZ 85 | 47 | 59 | 71 | 83 | 94 50 |24:6| 34 | 49| 59| 74| 98 
0210| 30 4 6 sl a ee 40 |30:8| 43 | 62] 74! 921123 
20 6 9 Mo 15, 7187200722 30 | 41 | 58 | 82] 991123/164 
15 Sala ro er ee 20 | 61 | 85 1221461831244 
10° 12° 18 | 24 | 30 | 36 | 42 | 48 | 0:210| 60 [10:2] 15 | 20) 25) 31) 41 
1:000| 30 3 ir A Bl el re Sr 50, 12:3) 1717251293749 
20 3:5] 531 T1| 8°9| 10:6) 12:5) 14:0 40 153 31 | 31| 36] 46| 61 
15 47| 7:11 9-5 118) 142] 16°5] 19:0 30 204] 29 | 41| 49| 61| S1 
10 7:1) 10:6| 142! 17°7| 19:3) 24-8] 28°4 20 |30:6| 43 | 611 741 92122 












































Example. —300 kilos. of steam at 100° C. are to be condensed, and the con- 
densed water cooled down to 20° C., by means of water which becomes heated 
mom 102 to 70°. 


The velocity at which the steam enters is taken to be about 40 m. and the 
upward velocity of the cooling water to be v, = 0'001 m. 

According to Table 55, 300 kilos. of steam pass through a pipe of 65 mm. bore 
in one hour with a velocity of 42 m. Thus the bore of the tube is fixed at 65 mm. 

Table 52 shows that, under the conditions given, the mean temperature 
difference in condensing, O1. = 52'5°, and in cooling, Or = 34'3°. 


l 
It then follows from Table 57 (by interpolation) that m 242, hence the 
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TABLE 58. 


Examples of the dimensions of condensing and cooling tubes of 10-100 
mm. diameter, for steam at 100°, 60°, 40°, and aqueous alcohol 
vapour at 80° C., for veloeities of 40-20 and 2 m. respectively. 

PÖ6€—_ ss ses, ——, 


Diameter of tube, mm. | 10 | 15 20 | 25 30 | 35 | 40 ‚90 | 60 70 80 90 | 100 
| | 





Steam at 100°, entering with the velocity, va = 40 m. 
; Water heated from 10° to 70°; velocity of water, v = 0'001 m. 
Condensed liquid at 15°; 0,.. = 52°5°, Om = 274°, S — 2347. 
d 


Copper coils. 








Steam condensed by | 
tube per hour, kilos. | 6'80115°2 274 40:3 615 84:0 109 171 | 246 339 | 438 554 | 680 
For con- \length | 235) 3-52] 470 5:87, 7:00) 8:21) 9:38111°7 1143 [16-4 |18°8 [21-1 |28°5 
densation /sq. m. [| 0°0710:1650:295) 046 056 1:00) 1:17) 1:84) 2:68] 3:79] 4:70) 596) 7371 
kin en 10:5 115:0 21:5 24:0 33:0 36:0 40:0 50:0 \60:0 [71-0 \80:0 |90:0 199-0 
= sq. m. | 0°30| 0°69| 1:38) 1°84| 3:14) 3:84 4°97| 7801112 115-5 |20:0 |21-3 [30-9 
Total length of tube, 2 [13°0 118°5 267 29:8 40'0 442 49:5 62:0 1745 |187°4 98:8 | 103 | 123 


























Steam at 100°, entering with the velocity, ©, = 20 m. 
Water heated from 10° to 70°; velocity of water, ©; = 0'001 m. 


RE: N : l 
Condensed liquid at'15°; O1. = 52:5°, Onz = 274%, = 170. 

















Vertical cooling tubes. 
nt PPERFIBEN BER Den... _ 7 
Steam condensed by | { 
tube per hour, kilos. | 34 76 13'7 202 30'8 42:0 545 855 123 169 219 | 277 | 3401 
For con- \length | 1'70| 2:35) 3:40 4:05 5°10| 575) 6:80) 8:50110°2 |11°9 |13°6 1153 1170 F 
densation /sq. m. [0'052 ol 0:22) 0-31 0:51| O-61| 0:85 1'33| 1'91) 2:00) 3-38] 4-28] 5208 
N ling \length | 4:00 4:80 6:80 8:0010:0 11-8113:0 16-3 20:0 23:2 26-4 298 32-4 | 
or com Faq. m. | 0:12) 0-23 0-42 0-62) 0-93] 1-26] 1-64 2-58) 3-7 | 5:08| 6:58) 8-32110-2 1 
Total length of tube, 2| 570 715102 191 151 17:6 1198 250° 302 355 404 45:5 474 I 
| | 
Steam at 60°, entering with the velocity, v4 = 40 m. ö 
Water heated from 10° to 40° ; velocity of water, © = 0'001 m. { 
l ik 
Condensed liquid at 15°; One = 31°7°, Orr = 19°2°, ze 95. 1% 
Vertical tubes. r 
Steam condensed by 5 | AN I 
tube per hour, kilos. | 1'48 3'39| 570) 9'2013'2 172 1236 372 522 71:6 974 | 120 | 1461 
For con- \length | 0-95) 1'43| 1:90] 2:38) 2:85] 3:33] 3:80] 4:75] 5:70] 6:65) 7:60, 8:55) 9 i 

densation / sq. m. | 0:03) 0:07| 0:12] 0:18 028] 0:37| 0:45! 0:74| 1:06] 1:46) 1:90 2:39) 3° 

75 0 


For cooling \length | 1:10) 1-75) 2:20] 2-80) 3:20 4:00) 4:40] 5:60) 6:60 

5  /sq. m. |0:034 0:08] 0-13] 0:22) 0:30) 0-41| 0-55) 0:88) 128 

Total length of tube, | 2:05 318 410) 5:18 6:05 733 8201035123 
| 


381 2:22] 2-84] 8: 


4 66.4 18°6 20° 
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Diameter of tube,mm.| 10 | 15 | 20 | 25 | 30 E | 40 | 50 | 60 m 80.90 
| ER K | | 


100 


| 





Steam condensed by 
tube per hour, kilos. 
-For con- \length 
densation [sq. m. 
\length 
Vsg- m, 
| Total length of tube, / 


For cooling 


Steam condensed by| 


tube per hour, kilos. 
For con- \ length 
densation / sq. m. 
\length 
ag. in, 
Total length of tube, / 


For cooling 


Water heated from 10° to 40°; 


Steam at 60°, entering with the velocity, v4 = 20 m. 


velocity of water, ©; = 0'001 m. 
































Condensed liquid at 15°; Once = 317°, Om = 192°, nn — 69. 
Vertical tubes. 

| | | | 
074 1'66 2:86 462] 6'60 8°6411'8 186 266 358 472 600 73:2 
0:65| 0:97| 1:30) 1:63| 1°95| 2:27| 2:6 | 3:25| 3:90] 4:55] 5:10] 5:85] 650 
0:02. 0:04 0:08 0-12 0:19 0:25| 0:33| 0-51| 0-73) 1-00| 1°27| 1:63] 2-00 
0:55] 0:88) 1:10) 1:40) 1:60) 2:00| 2-20| 2-80| 3-30) 3-90) 4-40] 5:00) 5-50 
0:02| 0:04 0.07| 0:11) 0:16| 0-21) 0:28] O0-44| 0:73] O0:84| 1:11] 1-42) 1:73 
1'20| 1'85 2:30 300 >) 4:27| 4:80, 6:05] 7:20, 8-48 9'50110°8 112°0 

Steam at 40°, entering with the veloeity, v., = 20 m. 


Water heated from 10° to 30°; velocity of water, v; = 0'001 m. 


Condensed liquid at 


=: 


Ome = il Omr = 137° 


Vertical tubes. 


l 
45, 





0:28 
0:45 
0:014 
0:16 
0:005 
0:61 








Vapour condensed by 
tube per hour, kilos. 

For con- \ length 
densation / sq. m. 

\ length 
sq. m. 

Total length of tube, I 


For coolins 


Aqueous alcohol vapour at 80°, entering with the velocity, v4 = 


0:65 115 
0:68 0:90 
0:03) 0:06 
0:26 0:34 
0:012.0:021 
0:94 124 

| | 


1:80 2:50 
1:10) 1:35) 
0:087| 0:13 
0:42) 0:48 
0:032.0:045. 
155| 1:83, 











350 
1:58 
0-17 
0:60 
0:063) 
2:18 








| 
194 234 28: 
3-60 4-05 
' 0:90) 1-13 
| 1-40 1-60 
0:34 0-42 
5:00 5:65 


- 


6 
50 
4 
7 
5 
2 





DD DHO 


‘15 4: 
SO L: 
20) 15 
26 (05 
Eu 6° 


1 
0 





ar 


4 


Water heated from 10° to 60°; velocity of water, © = 0'001 m. 


Condensed liquid at 


12%, 9 


me — 366°, Om = ra 


en; 
hzE . 





Vertical tubes. 


Coils. 





0:78 
0:75 
0023 
0:7 
0:022 
1:45 





4:80 uU 
:88| 2:25 
0:15] 0:22 
180] 2:0 
0:13] 0:19 
368 4'25 


176 
1-13 
0:052 
1:06 
0:05 
22 


310 
150 
0095| 
1:40 
0.084 
29 

















28:0 
4-50 
084 
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length of pipe for the condensation is / = 0'065 x 242 = 1573 m. and the con- P 
densing surface H. = 321 sq. m. 1 
According to Table 54, the cooling surface must be H, =3 x 3 x 1'15 = 1050 E 
sq. m., ?.e., a pipe of 65 mm. diameter must be 50:8 m. long. The whole con- f 
densing and cooling pipe has therefore a length of 1573 + 508 = 66°53 m. and a . 
surface of H,., = 3'21 + 10'5 = 13°71 sq. m. 
Since it is impossible to unite all cases, some important ones, | 
chosen from the great number, are alone given in Table 58. | 
Observations. —Several experiments, calculated out, are now given. | 
Alcohol, | 
Water. 93 per cent. Water + Oil. 
by weight. 
Weight of vapour, D, condensed 
per hour - - kilos. | 345 | 295 3750 |139:5| 120 | 315 84 | 882 
Oily matter carried in the vapour 
kilos. [| — — - —— — 17 326 3l 
Temperature of the vapour on 
entering - - - =41 100°]. 200° | 100° 9° ı 799 | BP] 88 7 2 
Temperature of the condensed 
liquid - - - - - I 34° | 25° 100° 5° 79 | 28° | 227 e 
Material of the cooling surface - | brass | brass |wrought |coppercopper| cast | lead |copper 
iron iron 
Number and diameter of the tubes [2x 67 2x 67 |160x27|21x5'55x29]1x75|1x50|1x40 
Initial temperature of the cooling | 
water - - - - 11.109 | 10° 40° 2:5° 8° 6° 109°] 322 
Final temperature of the cooling 
water - - - - Ur To. - | :65° 96° 20° | 61° | 4 | SEITE 
Veloeity of the cooling water ©; | 0'001 | 0:001 | 0:032 |0:0015 | 0:002 | 0:001 | 0:001 | 0:001 
Actual eooling surface - Bd... 4 91 95 67 6 7 32(a) 145(a) 63 (a 
Caleulation. 
Calories to be abstracted in con- | 
densing - - - - - 1185262157341, 2130000 | 32177 | 68964 170100) 45696 | 47628 
Calories to beabstracted in cooling | 22770 | 21976 _ 7562 | — 2000) EATe Sn 
Temperature of the water at the 
point of condensation - - 1.1717 1106 — 56° | — 81] 7 T TI 
Mean temperature difference in | 
condensing - - u 1,4801 12 67° 142:9° | 70° 1 54827 72 
Mean temperature difference in | | 
cooling - - - - Oma | 48° | 839-8° — 201°| — | 89-7° | 81:5° | 323 
Entering velocity of the vapour v. | 22:9 | 19'5 | 36 ars, nr | 32-8 29 32 
Coefficient of transmission in 
condensing - - +. Sal | 1608 240 222 | 855 807 847 
Coefficient of transmission in 
cooling - - - -. | 22 | 2 ee 290 — | 2a | 2g0 | 2907 
Cold surface for condensing- KH. | 530 | 426 | 69 196 | 72 | 3:31 | 1:00 | 079 
Cold surface for cooling - H,l47ra |5a0 | — |878 | — 1280| 8:88 | 232 
Calculated cold surface sq. m. | 1004 | 9:66 | 6 |574 | 72 |161 | 988 | 316 
| 




















(a) The exterior surfaces of the tubes. 


(b) The upper figures, 13310, 5540, 6864, are the numbers of calories to be 
abstracted from the water, the lower figures, 2000, 8476, 860, the calories to be 


abstracted from the oil. 
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2. Closed Surface-Condensers with Air Cooling. 


In certain rare cases the condensation or cooling is effected by 
means of air instead of water. The air is then driven over the 
cooling surfaces by artificial means (fans) or by a natural draught. 
In both cases it is in the first place necessary to know the quantity 
of air required to abstract a definite amount of heat, so that the 
dimensions of the fan and flues may be determined. 

Let L be the weight of the air in kilos., o, = 0'2375 its specific. 
heat at constant pressure, which is in this case always that of the 
atmosphere, t,, the initial and ti, the final temperatures of the air, © 
the heat, in calories, to be transferred, then 

“4 Ö 
E alte = ba) 

Thus there are required, in order to take up 100 units of heat, 

from or by the air, if it is to be cooled or heated through 
a3 2407 >30: 607 70% 807 90721007 

21:05 14:03 10:52 8-42 701 6:01 525 4:68 421 kilos. of air. 

The volume of the dry air, when the pressure remains constant. 
(which is the case here), depends only on its temperature. 1 cub. m. 
of dry air at 0° C. and 760 mm. pressure weishs 1'293 kilos., thus. 
under these conditions 1 kilo. of air occupies a space of 

1000 
1'293 

The increase in volume of the air is proportional to the increase- 
in temperature, measured from absolute zero; 1 kilo. of air at the 
temperature Zi, thus occupies a space of 


ET TEE) a 
= Tora mra|! + 2) litres . . 207) 


Example.—At 50° C. and 760 mm. pressure 1 kilo. of air occupies a space of 


a1 + >) — 915 litres. 


(206) 


= 772 litres. 





In Table 59 are given the volumes, a, in litres, calculated by 
means of equation (207), occupied by 1 kilo. of dry air, at the normal 
barometric height of 760 mm. and various temperatures from - 20° 
to 400°C. Now, atmospheric air always contains some water vapour 
—at 15° ©. about 0°5-1 per cent. of its weight. The specific heat of 
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TABLE 59. 


The volumes, a,, of 1 kilo. of dry air at the normal barometric height 
of 760 mm. and at temperatures from — 20° to 400° C. 


un nn un un ın 

SS. SS. SS. SS. g. 

g,S 48 IE as ES 
Do Do a; © u DD Er: ® a 
- a ,° Be - n r = ‚ m 
Ei ie Br; 3® = Se = 82 3 muB 
eig a 25 = cr =! Ds 5 Ei a 
8 .J on Bu En) 8.5 | 8.4 un ee: 5 
A@ os 48 == A) °> 28 2 58 SR 
en) -g= 9 eS= ao em= So 2 ao spe 
Sc m es = are an 3a = dm 23 
ud M © „+ Mo au Ik © A» Mo I» 2 o 
ls Se = DEE en DER R= Dr R= 
eo Ka Br Fo eure ro „3 Ho re Fo re 
ie Litres °C. | Litres 6) Litres.| °C. | Litres. I °C. | Litres. 





— 20 716 60 | 942 | 145 | 1183 | 235 | 1438 | 320 | 1679. 
-15 730 65 | 956 | 150 | 1197 | 240 | 1452 | 325 | 1693 
-10 745 70 | 970 | 155 | 1211 | 245 | 1466 | 330 | 1708 
-d 759 75 | 984 | 160 | 1225 | 250 | 1480 | 335 | 1721 
0 773 80 ı 999 | 165 | 1249 | 255 | 1494 | 340 | 1736 
1 775 85 | 1013 | 170 | 1254 | 260 | 1509 | 345 | 1750 
) 789 90 | 1027 | 175 | 1268 | 265 | 1513 | 350 | 1764 
10 802 95 | 1038.] 180 | 1282 | 270 | 1537 | 855 12778 
15 816 | 100 |. 1056 | 185 | 1296 | 275 | 1551 | 360 | 1793 
20 831 | 105 | 1070 | 190 | 1319 | 280 | 1565 | 365 | 1807 
25 847 | 110 | 1084 | 200 | 1330 | 285 | 1579 | 370 | 1821 
30 858 | 115 | 1098 | 205 | 1344 | 290 | 1594 | 375 | 1835 
35 872 | 120 | 1112 | 210 | 1367 | 295 | 1608 | 380 | 1849 
40 886 | 125 | 1126 | 215 | 1381 | 300 | 1623 | 385 | 1853 
45 900 | 130 | 1140 | 220 | 1396 | 305 | 1637 | 390 | 1876 
50 914 | 135 | 1154 | 225 | 1410 | 310 | 1651 | 395 | 1890 
55) 928 | 140 | 1169 | 230 | 1424 | 315 | 1665 | 400 | 1905 

















When the barometer is at 740 mm. the volume of the air is about 
3 per cent. larger, at 780 mm. the volume is about 3 per cent. less. 


water vapour is o, = 0'475, about double that of air, but the small 
quantity of vapour in the air causes such a slight increase in the 
amount of heat required to raise its temperature that we may neglect 
it in the present case. 

The transfer of heat between air in motion and a metal surface 
(heating surface) may be expressed by the following equation, 
according to the results of the researches of Joule and Ser and the 
work of Molier: 

=2+ In. 90 a 





- 


D 
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in which v, is the velocity of the air in m. per second. Thus the 
heating surface, H,, necessary for the transference of the quantity of 
heat, C, in the time, z, (in hours), with the teınperature difference, 6,,, is 

C C 
Ina u — 1 3 203 
20 20,2 + 10V) 





The state of rest, or of motion over the heating surface, of the vapour 
or water to be cooled is not regarded in the equation (208) which gives 
the transmission coefficient, k. It is always found, however, that the 
rapidity of the eirculation of vapour or water over heating and cooling 
surfaces influences very considerably the quantity of heat transferred. 
There is no doubt this would also be the case with cooling by air, hence 
we cannot regard the expression (208) as quite correct. Reliable 
researches on this point are, however, not yet known, and the author 
has no observations of his own; it is therefore necessary for the 
present to be content with the above value for k. It may be 
assumed that, in the experiments of which the formula (208) is the 
result, the velocities of steam and water were not very great, so that 
with a rapid motion of these substances the transference will be 
rather greater than caleulation indicates. 

The temperature difference between air and heating surface is to 
be taken as the mean. If the entering and leaving temperatures of 
the water or vapour to be cooled are known, the mean temperature 
difference, 6,,, is easily found by Table 52, by supposing the cooling 
air in place of the cooling water. 


Example. —The temperature of the vapour to be condensed and cooled is 100° 
C., the temperature of the condensed liquid is to be 20°; the air enters at 15° and 
leaves at 60°C. Then the mean difference in temperature, according to Table 
92,18: 
For the period of condensation - - a AH 
For the period of cooling - - - Om — 26:8°. 


li the temperature difference be obtained in this way and the 
veloeity of the air then fixed, then, in Table 60, caleulated by means 
of equation (209), is found the cooling surface required to transfer 
1000 calories in one hour with air veloeities of 1-36 m. per second 
and temperature differences of 5°-100° ©. 

Finally, the section is to be determined across which the air must 
flow, which depends on the veloeity given to the air. 
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If V, be the volume of air, in litres, to be sent through the con- 
denser in one hour, q the section of the air channel in sq. dem., and 
v, the velocity of the air in m. per second, then 


7, =, 3600 10 ach 
or V, 
1 = ,,36000 (211) 


An example is calculated in order to make clear the method of 
estimating the heating surface and section of the air passage. 


Example.—100 kilos. of steam at 100° C. are to be condensed in one hour and 
the condensed water cooled to 20° C. The cooling air is to be heated in the 
process from 15°-80° C. 

In order to convert 100 kilos. of steam at 100° into water at 100° C., 
100(637 — 100) = 53,700 units of heat must be withdrawn. 

In order to cool the 100 kilos. of condensed water from 100° to 20°, there 
must be abstracted (100 — 20)100 = 8000 calories. Thus, in all, 53,700 + 8000 = 
61,700 calories. 

The weight of air required to absorb this heat is, according to equation (206), 

© 61,700 
— aultee- bu) 0.2375(80 — 15) 

4000 kilos. of air at 15° have (Table 59) a volume of 3,264,000 litres. 

4000 kilos. of air have at 80° (Table 59) a volume of 4,000,000 litres. i 

The mean temperature difference between steam and air is, according to 
Table 52, Ims= 418°. 

The mean temperature difference between condensed liquid and air is, 
according, to Table 52, Or = 258°. 

If we assume the velocity of the air to be 20 m. per second, then the cooling 
surface required for condensation is, by equation (209), 

Be EN 53,700 57 
Zum 1x 41:82 + 1020) 
or, by Table 60, for a difference in temperature of 40° (in round numbers), 


53:7 x 0'545 = 29 sq. m. (approx.). 


Ss ___ _ 9:84 sg. m. for, by Table 80, 
25°8(2 + 10/20) 





— 4000 kilos. of air. 





Hı 287 sq. m., 


For cooling there are required 





0:872 x 8000 


for an approximate difference in temperature of 25°, 1000 


= 6'98 89. mi.). 


The total cooling surface is thus about 36 sq. m. 
The section, across which the air is to pass with a velocity of 20 m., is, by 
equation (211), 
ya Vı __ _3,264,000 
v, 3600 20 x 36,000 
A tubular heating surface of 36 sq. m., which is to have a section of 4'53 sq. 
dem., consists of 147 tubes of 20 mm. bore, each 4000 mm. long. 





= 453 sq. dem. 
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TABLE 60. 


The eooling surface, H,, in sq. m., required to transfer 1000 calories 
in one hour, when cooled by air at velocities of v, = 1-36 m. and 
at mean differences in temperature of 6, = 5°-100° C. 

















© = 3 Velocity of the air, v,, in m. per sec. 
237 
23 
EEE 
FOR 
I: 
5 .116°66 | 19-42 °|10°46. 19:10: 116°24 |476 |436 |3:84 |3°220 
Kir le8:33, 621 223 1455 1312 12:38 1218 11.92) 17610 
15 I 5°:55| 414 3487  3°033 | 2080 | 1'586 | 1'453  1:280 | 1073 
20 ı #17 | 3:105| 2615 | 2°:258 |1°560|1:190 1:090 0:960 0:805 
25 I 3:33) 2484| 2:092 |1:820 |1'248 |0:952 | 0872 |0°768 | 0.644 
80 | 2:78| 2:07 1'743 | 1'517 | 1'040 |0:793 | 0:727 |0:640 | 0535 
40 | 2:09| 1503| 1308 |1:129 |0-780 |0-595 | 0-545 | 0-480 | 0-403 
50 I 1:67| 1242| 1046 |0-910 | 0624 |0-476 0436 0'384 0'322 
60 I 1:39| 1:035| 0'872 0'759 | 0-520 | 0397 | 0:364 | 0-320 | 0-269 
70 | 0:19| 0:888| 0:748 |0:650  0°446 |0-340 10-311 | 0275| 0229 
80 | 1:05| 0752| 0:654 10:565 | 0'390 |0-298| 0-273 | 0-240 | 0:202 
90 I 0:92| 0690| 0:581 |0:506 |0°347 10-2721 0'242 |0-214 |0-180 
100 | 0:83| 0:621 0:523 10:455 0:312 |0:238| 0218 0:192|0-161 
| 




















3. Open Surface-Condensers. 


Steam at atmospherie or lower pressures, or other gases or 
vapours, are condensed in open surface-condensers; it is rarely 
required also to cool the condensed liquid. In these condensers the 
vapour to be liquefied flows simultaneously through a number of 
parallel horizontal tubes, straight or curved, and arranged vertically 
over one another, or through vertical tubes. The cooling water, in 
a thin sheet, flows over the uppermost tube, it then flows down 
over the outside of the tubes and leaves heated at the bottom. The 
tubes are generally of equal size, but, since in the first case the 
cooling water is colder when it flows over the upper than the lower 
tubes, the temperature difference between vapour and water is greater 
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above than below. The upper tubes therefore condense more vapour" 
and even cool the condensed liquid. The upper tubes have therefore 
a greater capacity than the lower. 

The quantity of heat, Ü, to be abstracted from the vapour in 
condensation is known in each case: 


= Dle-b) 2 eu 

The requisite condensing surface, H,, is obtained from the well- 

known equation: 
C 

The temperature difference, @,, must here be the mean difference 
caleulated for the whole apparatus, as found in the ordinary manner 
by means of Table 1. 

The coefficient of transmission for copper and brass tubes may be 
taken as 


(213) 





5, = 75020, 80.007 De 22 025 (214) 
For iron tubes it is, at the most, 0:75 times as great. 

In this form of condenser there is frequently a very considerable 
incrustation on the outside of the tubes, the inside is also occasionally 
coated by slimy or solid deposits. Thus the cooling action often 
sinks to one-half or to even one-third of the original. This is parti- 
cularly the case with iron tubes, and must be considered in settling 
the dimensions. 

The initial velocıty of the vapour, v,, may be determined in every 
case from its weight and volume and the section of the tubes. 

The velocity with which the cooling water flows down, v, depends- 
on the quantity which is to flow in one hour over 1 m. in length of 
the apparatus, and increases with that quantity, just as in surface 
coolers. 

With a somewhat economical consumption of water, the velocity, 
v, of flow over the surface of horizontal tubes cannot be taken at more 
than 0'200 m., then 3/0'007 + v, = 0°6. 

On vertical tubes v, may be about 0'400 m., in which case 
3/0:.007 + v, = 074. 


| u, 
The ratio between the length and the diameter of the tube, g*® 


obtained as in the former similar cases—the quantity of heat trans- 
mitted in one hour through the cooling surface must be equal to the 
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latent heat of the weight of vapour condensed in the tube during one 
hour. Therefore 
d’r 


drik.0. = ea Dg 3600y(c _ ba); 


! _©.3600y(c - t.) 
u DB Ak,On 





Inserting the value for k, from equation (214) we obtain 
I _ NYval2yle - a) 
d  0,%0-007 +0, 
and, since for horizontal tubes %/0:007 + v, = 0:6 (see above), 


l_2ANvayle - ta) 
= 2 ER 








(215) 


Experimental Observation.—8000 kilos. of steam at a vacuum of 640-650 mm. 
(535° C.) were condensed per hour by 500 vertical iron tubes of 40 mm. bore, 
4000 mm. long. The mean temperature of the cooling water was 45°-47°, the 
cooling surface 250 sq. m. 


The amount of heat to be transferred per hour was 
C = 8000(623 — 53:5) = 4,556,600 calories. 
The volume of steam entering the tubes per second was 
- 8000 x 9510 
| I ea 
The free section of the 500 tubes amounted to 
q = 0'125 x 500 = 62°5 sq. dem,, 
hence the entrant velocity of the steam was 
Be) 
62:5 x 10 
The velocity of the cooling water flowing down the vertical tubes was about 
0:400 m., consequently the transmission coefficient, would have been, for copper, 


— 21,140 litres. 


= 383'9 m. 





lie = T50N 33:9 N/0-007 + 0-400 = 3232. 
Since, however, iron tubes were used, 
ke= 3x 3232 = 2494, 


The temperature difference was @,, = 53:5 — 46 = T7'5°. 
Consequently the calculated cooling surface was 
4,556,000 


Taf, = DIL x 9 x 7-5 = 250 sg. 10al,, 


which agrees exactly with the real cooling surface of 250 sq. m. 
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TABLE 61. 


The cooling surface, H,, of copper or brass in open surface-condensers, 
the consumption of cooling water, W, and the mean temperature 
difference, 6,, requisite to condense per hour 100 kilos. of steam at 
100°, 60°, 50° and 40° C., by means of cooling water at 15°-50° C. 





Temperature of the steam, ta. 


















































SEE 
e | 1833 
83° |:3 
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4 8 3 Fi = Final temperature of the cooling water, L,. 
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TABLE 61—(continued). 
Temperature of the steam, t«. 


60° 


Final temperature of the cooling water, t.. 





Initial temperature o 
the cooling water. 
Entrant veloecity ofthe 


95° | 40° 50° | 58° | 30° 40° 48° 


ing water, W, and cooling 


Mean temp. diff., 0,,, cool- 
surface, H.. 


m 
3 





2 181 22:5 | 165 |92| — | 1223| 64 
860111600 | 3870 12522] — |11800 , 4540 
133 110 | 158 | 281] — 2) Zall) 
180] 35 AB. 1.8 = 40 75 


[9%] 
ou 

° 
2 








I-0x 


0:80 078 | 112 2001| — | 1:51 | 290 
252| 49 | 64 117) — | 56 | 105 


17-4 14:5 | 8 
930 5640 3130 
140 1:80 310 
190 52 | 94 
1:60 az Ir) 
266 





16 19 16:6 
1020 11280 14340 
1500 — | 216 3:95 
200 63 |114 
116 1:65 3:00 
280 88 159 
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Cooling surfaces of iron must be at least 1'33 times as great. 


ri 
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The annexed Table 61 gives for a number of cases the requisite 
cooling surface (in copper tubes) for the hourly condensation of 100 
kilos. of steam at different pressures, which enters the tubes at 
velocities of 25 or 50 m., and for cooling water at 15°-50° C. 

Generally the condensed liquid does not leave the condenser 
much colder than the steam ; if, however, the eondensed liquid is 
intended to be cooled considerably, the cooling surface must be 
correspondingly increased. 

The consumption of cooling water, W, given is the theoretical. 
In practice, on account of evaporation, it would be 3-5 per cent. less. 





CHAPTER XXI. 
HEATING LIQUIDS BY MEANS OF STEAM. 


A. Steam Heating Coils or Systems of Tubes in the Liquid 
to be Heated, 


1. The Liquid is not Changed. 


THE heating of liquids by steam has already been mentioned (Chapter 
VIII). The steam used for heating liquids (if it is not superheated, 
a case which is rare and therefore remains untreated here) must 
condense, and sometimes the condensed water must be cooled. The 
weight of steam required to heat a given quantity of water through a 
given range of temperature can always be found. On that account, 
and because it is convenient to the course of our subject, we proceed 
to the calculation of the requisite heating surface by first deter- 
mining the weight of steam required for heating and thence the 
surface requisite for its condensation. 

The weight of steam, D, required to heat F' kilos. of a liquid of 
specific heat, «,, from t,, to t,,, 18 


Foto ’S t,.) 
t 


= RE 
Bag er 





(216) 


fh 


2 


Example. —In order to heat F' = 100 kilos. of water from 30°-90° C., there are 
required 100(90 — 30) = 6000 calories. 
Assuming the condensed water escapes at the mean temperature of the water, 
kom + bye 90 +30 
De. 9 
6000 


andD= 580 10°346 kilos. of steam are required. 





= 60°, then 1 kilo. of steam gives up 640 — 60 = 580 calories, 


The difference in temperature between the steam and the liquid 
decreases during the process of heating; it is clear from previous 
explanations that the mean temperature difference is determined 
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from the greatest difference at the beginning, @,, and the least at the 
end, 6, (Chapter I., Table 1). 

Example.—If the steam is at 100° C., with the data of the last example, 
u = 100° - 30° = 70°, 0. = 100° — 90° = 10°. Consequently 


0: SO 
ma. 


The mean temperature difference is then, from Table 1, 
0m = 04420, = 0'442 x 70 = 30:94° C. 

Table 62 gives the number of units of heat required to warm 100 
kilos. of water under different conditions, also the consumption of 
steam and the mean difference in temperature. 

If the warming vessel is to be provided with coils or systems of 
tubes, through which the heating steam passes, its entrant veloeity, ©,, 
can generally be selected (30-40 m. for coils, 10-20 m. for short vertical 
tubes, would be suitable). From this and the hourly consumption of 
steam, D, the proper diameter of the coil or tubes can be ascertained 
by means of Table 55. 

The diameter of the tube, the temperature difference and the 
entrant velocity, all of which are known, then give, by means of 
equation (205) and Table 57, the necessary length of tube, and thence 
the cooling surface, F., if the velocity of the liquid about the tube is 
known. If this velocity is unknown, the smaller value of k. from 
equation (217) should be inserted in the expression : 

C 
15 = a 

If the liquid is not driven artificially over the heating surface, the 
rapidity of its motion about this surface increases with the rise in 
temperature. The real extent of this velocity depends then on the 
form and dimensions of the surrounding vessel and the arrangement 
of the heating surface, which naturally is placed at the bottom. 

The mean velocity of the liquid over the heating surface, in 
heating without stirrers, may vary in different cases approxi- 
mately between v,= 0'02 and 0'300 m. The smaller figure is for 
large vessels and liquids at low temperatures, below 60° C.; the 
larger figure for small vessels and liquids at higher temperatures, 
60°-100° C. 

The coeffiecient of transmission should be taken in this case of 
steam coils, used for heating without stirrers, as 


= 225 NV, to 00, . 2. = . in 








higher temperature, t,.. 


STEAM HEATING COILS. 


TABLE 62. 


The requisite number of calories, C, weight of steam, D, and mean 
temperature difference @,, 
heating 100 kilos. of water from the temperature, t,, to the 


between steam and 


water, 
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for 














2 Steam. | Units of 
B heat, ©. 
2 "| Weisht Final temperature of the heated water, f,, 
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The section of the steam valve may be determined by the aid of 
Table 14. 

When the motion of the liquid is artificially accelerated by stürrers, 
its velocity can in some degree be determined, it will be 1-3 m. A 
higher velocity is without advantage, for the transmission of heat 
does not then increase to any great extent, whilst the power required 
increases considerably. The stirrer should naturally be, as far as 
possible, constructed so that it always conveys fresh liquid to the 
heating surface. 

The coefficient of transmission for the heating of thin liquids by 
steam in copper tubes, with sturrers, 18 


ke = 750.108 0:007 4% 5 2. 2 aim 


The true velocity of the liquid obtained by means of a stirrer is 
not easy to estimate, either before or after the construction of the 
apparatus. 

The application of a stirrer is still more necessary in heating and 
cooling thick sticky masses than with thin and readily mobile liquids. 
The former cannot be brought into rapid circulation even by very 
unequal heating. A stirrer is also necessary in the case of those 
liquids which would be damaged if their particles were heated almost 
to the temperature of the hot surface. 





Example. —5000 litres of water are to be heated in one hour from 20° to S0° C. 
by steam at 100° by means of a heating pipe. 

According to Table 62 there are required for this purpose 50 x 6000 = 300,000 
calories and 11 x 50 = 550 kilos. of steam. The temperature difference is 43° C. 

The entrant velocity of the steam is taken at 40 m. The diameter of the 
heating tube must be 90 mm., for, from Table 55, 13:9 x 40 = 556 kilos. of steam 
pass through a pipe of 90 mm. bore in one hour. 

If there is no stirrer in the vessel, the probable velocity of the water about 
the heating pipe may be assumed to be 0:020 m. Then we obtain the necessary 
length of pipe from Table 55, | 

il = 194 x 0'090 = 1746 m., 
and the heating surface, 
He= dr! = 4'92 sq. m. 

The steam valve should be 65 or, better, SO mm. wide. 

If a stirrer is applied in the heating vessel, and it moves the liquid with a 
velocity of 1 m. over the hot surface, then, with the other conditions the same, . 
according to Table 57, the ratio, 1 = 66. Consequently 2 = 66 x 0'090 = 5'94 m. 
and hence the heating surface, H = 1'69 sq. m. It will be observed that a stirrer 
considerably decreases the necessary heating surface. 





W 
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2. A Continuous Current, in and out, of the Liqwid to be heated. 


If the liquid to be heated flows continuously in and out, its 
velocity, v,, over the heating surface is known. Also the entrant 
velocity of the steam into the heating space is known or can be fixed. 
If all the steam introduced into the heating space is not condensed 
there, but a portion passes out, then in the equation for k. the sum 
of its veloeities at entering and leaving is to be inserted. This equation 
is 





ke = 750 nv, %0:007 + v,. 
From the constant difference in temperature at the entry and 
exit of the liquid, the mean temperature difference, @,, is obtained 


from Table 1. 
The quantity of heat to be transferred is 


= Fl) ee) 
and the heating surface 
(6) 
rs 
The consumption of steam, according to equation (216), is 
Dean (220) 
640 ar "> fk 


Example. —20,000 litres of water are to be heated per hour from 10°-60° GE 
the water flows past the heating surface with the velocity, %=0'20 m. The 
steam is at 3 atmos. absolute. 

In one hour © = 20,000(60 - 10) = 1,000,000 calories are to be transferred, 
Ba D— 20000(60 — 10) 


Ei > 2) 





= 1627 kilos. of steam are required. 





The steam is at the temperature, 4 = 134° C. (130° is used instead). 
The temperature difference at the beginning is 6, = 130° — 10° — 120° ; 
The temperature difference at the end is 6, = 130° — 60° — 10 

thus the mean temperature difference is 


( 70 


(by Table 1, since r = >. = 0'583) 0, = 0:77 x 120 = 994°, 


The steam is to be completely condensed and the velocity at which it enters 
is to be v4 = 20 m., therefore 


lie = 750 v 20 N/0:007 + 0:200, 
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consequently the heating surface, 
1,000,000 
Me = 99.4 x 1984 
In order to admit 1627 kilos. of steam per hour at a velocity of 20 m., according 
to Table 55, 7 tubes of 50 mm. bore, and with a heating surface of 5'45 sq. m., are 
required. Each tube must therefore be ! = 5 m. long. 


= 5'45 sq. m. 


B. Steam Vessels with Double Bottoms. 


If a liquid is heated, not by steam coils, but in a vessel with a 
double bottom, then neither the velocity of the liquid nor that at 
which the steams enters is known. It is necessary to fall back on 
equation (52) for the heating surface, when there is no stirrer :— 


C | 
A = 140010 18008, Bo 


If the double-bottomed vessel is provided with a suitable stirrer, 
then the expression for estimating the heating surface is | 


C 
En 
35006, 
Example. —2000 litres of water are to be heated from 10° to 100° C. in one hour 
by means of steam at a pressure of 1 atmos. (121° C.) in a double-bottomed vessel. 
According to Table 62, 20 x 9000 = 180,000 calories are required, and the 
temperature difference is 52°. The necessary heating surface, without a stirrer, 
is therefore 
H.- 180,000 5 180,000 
*7140x52 1800 x 52 
If the vessel has a diameter of 1600 mm., then the surface of the double 
bottom is about 3 sq. m., consequently the 2000 litres will, on the average, be 
heated in Aa 2 
If the double vessel is provided with an efficient stirrer, the necessary heating 
surface is 


(222) 


= 2:48 to 1'93 sq. m. (about 225 sq. m.). 


— 45 minutes. 





Ö 180,000 
35008, 3500 x 52 
The same vessel will then heat the 2000 litres of water in about 20 minutes. 

Thick, syrupy or pasty masses are heated much more slowly. 


IEle = about 1 sq. m. 


C. The Liquid to be Heated Flows Through Tubes around 
which is Steam at Rest, 


Steam is hardly ever completely at rest, but we understand in the 
following pages by steam at rest, steam which moves in a definite 
direction with a lower veloeity than 0'5 m. per second. 
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STEAM AT REST 


TABLE 63. 


Copper heating surfaces required to heat per hour 1000 litres of 
water at 10° or 25° to 50°-90° C., moving through tubes with the 
velocity 0:'01-0°4 m., by means of steam at rest at a temperature 
22:30: 20°, 100°, or 1207 C. 
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Temperature of the hot vapour (alcohol or water), ta. 








80° 


Final temperature of the liquid to be heated, t,.. 


60° 
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If the liquid to be heated 
tubes, whilst the steam moves round the tubes with its slight velocity, 
then the transmission eoefficient for copper tubes and thin liquids 
may be taken as 
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is passed with the velocity, v, through 


(223) 
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so that the requisite heating surface is 


C 
0,, 750 %/0:007 + v, 

For thick liquids %. is about 10-15 per cent. lower, H, nn 
about as much greater. 

For iron tubes %. is about 15 per cent. lower. 

The temperature difference is obtained in the ordinary manner, 
by Table 1, from the temperature of the steam, which is generally 
constant, and the initial and final temperatures of the liquid. 

If the liquid is sent simultaneously through a considerable number 
of (vertical) tubes, round which the steam passes, if only at velocities 
of 05-1 m. per second, the efficiency of the heating surface is greater, 
and may easily be in this case 1'5 times as great as with steam at 
rest. 

The next, Table 63, gives the temperature differences and requisite 
heating surfaces for a number of cases. The figures given for steam 
at S0° and 90° C. apply also to aqueous alcohol vapour of 86 and 58 
per cent. strength by weight respectively. 





(224) 


€ = 


Experimental Example.—5890 kilos. of wort were heated in one hour from 
31°? to 49° C. by aqueous alcohol vapour at rest (velocity about 0'3 m.) at a 
temperature of 79:1°C. The wort was passed with a velocity of 0'205 m. through 
a copper pipe, with a bore of 100 mm. and the heating surface, H. = 6°9 sq. m. 

The specific heat of the liquor being taken as o,=1, there were to be trans- 
ferred in one hour 


C=5890(49 - 31) = 106,020 calories. 


The temperature difference at the beginning was 0, = 79'1° - 31° = 481°. 
The temperature difference at the end was 6, = 791° — 49° = 30'1°. 

0. 301 
% 481 
difference is 


Then = 0'625, accordingly, by Table 1, the mean temperature 
Om = 08 x 48-1 = 38-48°. 
The coefficient of transmission is 
hie = 705 „/0-007 + 0:205 = 447'75. 
The calculated heating surface is therefore 
106,020 

. 38-48 x 44775 

On account of the thickness of the liquid, 10 per cent. is to be added, which 
gives 6'15 + 0'615 = 6°8 sq. m., which agrees well with the actual heating surface. 


He = = Blog. I, 





CHAPTER XXII. 
THE COOLING OF LIQUIDS, 


THERE are various different methods for cooling liquids, in most of 
which the liquid is cooled by the consequent heating of the means of 
cooling. Thus the consideration of the cooling of liquids may also 
serve for the operation of heating, for which what is about to be said 
may also be useful. 

Liquids may be artificially cooled by the following methods :— 

A. By the direct introduction of ice. 

B. By the direct addition of cold to hot liquids. 

C. By the evaporation of a portion of the liquid without the 
application of heat. 

D. By flowing over metal surfaces which are in contact with a 
colder liquid (surface or closed coolers). 

E. By flowing free over surfaces which are in contact with the 
colder liquid on the other side, by which means the 
surrounding air takes up a portion of the heat (open 
coolers). 

F. By contact with metal surfaces which are traversed by cold 
air. 

G. By spreading out and dividing the liquid in the open, and 
subjecting it to the action of air in natural or artificial 
motion (as in cooling water). 


These methods of cooling will be dealt with in turn. 


A. The Direct Introduction of Ice, 


This method of cooling is only employed when it is desired to pro- 
duce very low temperatures. The ice employed is generally only a 
few degrees below 0° C., its heat of liquefaction is 79 calories. Having 
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regard to its specific heat (vr. = 0'504) for the 2°-3° through which it 
must be heated before melting, it may be assumed that each kilo. of 
ice in melting to water at 0° ©. takes up 80 units of heat. If, and 
t,. be the temperatures of the liquid before and after cooling, and 
o,its specific heat, then the amount of heat to be withdrawn is 


0 a en 
The weight of ice to be used is 


E Ir Foylty S« by.) 


SO + ty 
In order to cool 100 kilos of water from 
I 9 8 7 0 ran 
To 5° O..\there are required (59 48 36 24 12 °— , — 
To 2°C.JE kilos of ice 198 86 74 61 49 Bram 


. (226) 





B. The Direct Addition of Cold to Hot Liquid, 


If F', kilos. of a cold liquid at the temperature, t,,, be added to 
F', Kilos. of a warmer liquid, of the saıne specific heat, at the tempera- 


ture, £,,, the temperature of the mixture is 

Veh ln 
= a Zip ns EEE 

F, AR 2 
Example. —F'„ = 100 kilos. of water at f,„, = 80°, and F}. = 200 kilos. of water 
ab tr, = 20°, give 
Fo+ Fr = 300 kilos. of water at the temperature 
100 x 80 + 200 x 20 


ia 100 + 200 en 





C. Cooling Liquids by Evaporation, 


Liquids are best cooled in this manner by bringing them into a 
vacuum. Ifa space be provided over a hot aqueous liquid, in which 
a lower pressure is maintained than corresponds to steam at the 
temperature of the liquid, the latter is cooled down to that tempera- 
ture, the steam at which corresponds to the pressure over the liquid, 
the heat of the liquid given out in falling from the original tempera- 
ture to the lower being utilised in the formation of steam. The 
temperatures of steam (and also of liquid) corresponding to every 
degree of vacuum are to be obtained from Table 9. 
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If the weight of liquid, F', at the original temperature, i,,, is 
cooled in vacuo to t,., then the weight of steam evolved is 
Flle 2 u) 














De (228) 
bon + by 
640 - 
whence we obtain the following small table :— 
100 kilos. of aqueous liquid at the original 
temperature, lu, = 
Tempera- | | 
7 ture of 100°) 90 80° 70? = 0 
Vacuum. sn ooldd | | | 
liquid, Lo. 
Evolve the following weights of steam, D, in being 
cooled to the temperatures, fy., given in 
the second column. 
mm. ® 
934 90 1:82 a En Pp 
405 80 3-67 1:82 et en 
926 70 9:25 3:50 179 — | 
611 60 7:00 8:25 3:50 1:75 — 
668 50 3:50 6:80 5:10 340 1:70 
705 40 10:00 8:33 6:66 5.00 3:33 














D. Cooling a Hot Liquid by means of a Colder Liquid, 


The cooling of a hot liquid by another .colder liquid, or, what is 
the same thing, the heating of a cold liquid by a hot one, may be 
effected in two different ways, viz. —— 

l. By sending the two liquids continuously in opposite directions 
(counter-currents) with the highest possible velocity over the common 
wall of separation. 

In this method the warm liquid falls through straight or bent tubes 
(eoils) or channels, whilst the cold liquid rises in the surrounding 
vessel or in a surrounding tube concentrie with the first, or rises, 
whilst being warmed, in a channel surrounding the first. 

If we put o,, for the specific heat of the warm liquid, o, for that of 
the cold, t,, and for the temperatures of the warm, t,, and t,, for 
the temperatures of the cold liquid, then the quantity of hea‘ to be 
transferred is 


a Be A Ne RE Fon (229) 
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The transmission coefficient, k,, between two liquids, the one taking 
or brass diaphragm with the 





0:001 | 0:002 | 0:004 | 0'006 | 0'008 0:01 0:02 0:04 





0.001 119 |; 122 | 128 | 180 | 132 | 136 | 144 17158 
0.002 122 | 128 | 132 | 186 | 140 | 142 | 150 | 160 
0.004 128 | 132 | 138 | 140 | 144 | 148 | 157 | 170 
0:006 | 130 | 136 | 140 | 145 | 150 | 153 | 162 | 173 
0:008 | 132 | 140 | 144 | 150 | 154 | 156 | 168 | 176 


001 - | 186 | 142 | 148 | 158: | 156 | 7160) a Tales 
002 | 144 | 150 | 157 | 162 | 169 | 170 | 185 | 200 
004° ı 155 | 160 | 170 | 175: | 176. | 185 1 2007278 
0:06 160 | 168 ı 177 ı 183 | 1887 192] 210 7232 
0:08 165 | 172 | 183 | 188 | 196 | 200 | 218 | 242 





010 | 169 | 176 |ı 186 | 194 | 200 | 206 | 225 | 250 
020 180 | 188 | 200 |ı 208 | 214 | 224 |ı 246 | 274 
040  , 190 | 200 | 214 | 224 | 232 | 240 | 266 | 302 
0.60  ı 196 | 206 | 222 | 232 | 240 | 250 | 280 | 316 
0:80 200 | 212 | 226 | 238 | 246 | 256 | 285 | 328 


1:00 | 204 | 214 | 230 | 240 | 252 | 259 | 294 | 336 








125 | 206 ı 218 | 234 | 247 | 256 | 266 | 298 | 8344 
150 | 208 | 222 | 238 | 250 | 260 | 270 | 302 | 350 
2:0 ı 210 | 225 | 240 | 253 ı 264 | 274 | 308 | 358 























From this equation is also obtained the necessary weight of hot 
liquid, F', for heating the weight of cold liquid, F',.. 

If 4,, be the mean temperature difference and k, the coefficient of 
transmission, then the surface required for the cooling is obtained 
from the known equation :— 

O_ _ Fooulbna — be) 


1 Am PP k,0 





(230) 

The coefficient of transmission of heat, k, between two moving 
liquids at different temperatures is found from an equation calculated 
by Molier from Joule’s researches (Zeits. d. V. d. Ing., 1897, Nos. 6 
and 7) on copper and brass separating walls. The equation, which 
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TABLE 64, 


heat from the other, which flow in opposite directions over a copper 
different veloecities, v,, and v,. 
0:10 02 


0:06 0:08 





0-4 | 0:6 | os | 10 135 |150 | 20 











160 | 165 | 169 | 180 |, 190 | 196 | 200 | 204 | 206 | 208 | 210 
168 | 172 | 176 | 188 | 200 | 206 | 212 | 214 | 218 | 222 225 
176 | 183 | 186 | 200 | 214 | 222 | 226 | 230 | 234 | 238 | 240 
183 | 188 | 194 | 208 | 224 | 232 | 238 | 240 | 247 | 250 | 253 
188 | 196 | 200 | 216 | 232 | 240 | 246 | 252 | 256 | 260 | 264 











194 | 200 | 206 | 224 | 240 | 250 | 256 | 259 | 266 | 270 | 274 
210 | 218 | 225 | 246 | 266 | 280 | 285 | 294 | 298 | 302 | 308 
934 | 242 | 250 | 274 | 302 | 316 | 328 | 336 | 344 | 350 | 358 
250 | 256 | 267 | 296 | 324 | 344 | 356 | 362 | 377 | 380 | 392 
256 | 270 | 276 | 312 | 344 | 362 | 376 | 392 | 400 | 408 | 420 


267 | 276 | 289 | 328 | 362 | 384 | 400 | 408 | 425 | 440 | 443 
296 | 312 | 328 | 370 | 416 | 454 | 464 | 486 | 500 | 512 | 531 
394 | 344 | 362 | 416 | 476 | 530 | 540 | 570 | 588 | 606 | 636 
344 | 362 | 384 | 454 | 530 | 570 | 606 | 624 | 660 | 680 | 709 
356 | 376 | 400 | 464 | 540 | 606 | 644 | 666 | 700 | 724 | 782 





362 | 392 | 408 | 486 | 570 | 624 | 666 | 700 | 735 | 762 | 810 
377 | 400 | 425 | 500 | 588 | 660 | 700 | 735 | 768 | 800 | 850 
380 | 408 | 440 | 512 | 606 | 680 | 724 | 762 | 800 | 833 | 888 
392 | 420 | 443 | 531 | 636 | 709 | 782 | 810 | 850 | 888 | 947 





























neglects the thickness of the diaphragm (of little influence because of 
the thinness and high conductivity of the metal), is 
300 
1 il 
er ron, 
in which »v,, and v,, are the velocities of the two liquids. 
In order to allow for the furring of the pipes, which is never 
wanting in practice, we shall take, in estimating the coefficient of 
transmission, k,, for practical purposes, the expression 
Be N. ne 
1+6,%, er: NR 
20 


Mn = 





(231) 
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The coeffieients, %,, calculated from this equation for velocities of 
0:01-2 m. are collected in Table 64, from which most actual cases 
may be taken. 

The mean temperature difference, 6,, is obtained by means of 


Table 1 from the ratio 
an BE Iys 6, 


ER "Re Ipu 6, 





The mean difference in temperature for certain special conditions 
may be taken from the later Table 68, in which it is given for open 
surface-coolers. 

When the cooling surface is formed of tubes of eireular section it 
can be calculated from the dimensions of the tube, 7, = drl, and the 
weight of liquid, 7',, passing through per hour, may be expressed as 
the product of the section of the tube, the velocity and the specific 
gravity :— 

I N 3600 s,, 1000 (233) 
# 2% ö 4 >, © 

The quantity of heat passing through the cooling surface in one 

hour must be equal to that lost in this period by the liquid :— 


2 
drlk,d,, = nr 36005,.1000 ,0,(. — bu) 2 ap 
Hence follows the length of the cooling pipe :— 
re nn 900,000 9,.85.0olten — bu) » + + (285) 
On i 


in which, for water, vo and s=1. 

The desired velocity of flow and diameter of pipe, required to cool 
a definite weight of liquid through a definite range of temperature, 
cannot be arbitrarily chosen, and from them the length of the pipe 
calculated, because in most cases impossibly long pipes would be the 
result. The diameter of the pipe, the velocity and quantity of liquid 
depend one on the other. It requires some practice to select proper 
proportions. 

In order to facilitate the selection, two tables are here given. 

1. Table 65, which gives the necessary lengths of tube for the 
required inner surface of 0'5-7 sq. m. in tubes of 10-70 mm. diameter. 

3. Table 66, which shows :— 

(a) The volume of liquid, V, which fows per hour through pipes 
of 10-30 mm. diameter with velocities from 0'02-0°4 m. (5) The 
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TABLE 65. 


The length of a cooling pipe of 10-70 mm. diameter, when its internal 
surface is 025-7 sq. m. 





In order that a heating or cooling pipe may have an internal 
cooling surface, H,, in sq. m., of 


















































Bore of | | 
os 0-25 an 1 15 2125| 3 |35| 4 x) 5 55 6 | 65| 7 
it must have the following lengths, /, in m., with the diameters 
given in the side column. 
mm. 
ee | | | 
10 8:00. 16:1 32:248:364-5.80:396-6 — — ll elle) — | — 
15 5-30 10:6 21:231'8.42°4,53:0]74°284°8 84-8. 95-4 106°0) — — Z 
20 4:00 8:0 159239 31'839: BlaT- 755763: 671: 6) 79:5,87°595°4 103-4 — 
25 320 64 1127 19:1 25-4 31-8 38-1445 50:8 57'2 63°5.69:979° 2 85°6191°9 
30 2-65 5-3 |110:6115°9 21-2126°5131°837°1 ae 53:0,58°3/63°6 689742 
30 2.30 4:6 | 9:1 13:7,18-222-8 27-31 31-9 364410) 45°5,50°1)54°6 59°2163°7 
40 2:00) 4:0 | 8:0112:0,16°0 20:0 24:0)28°0.32:0,36°0|) 40°0 44°0]48° 0) 52:0/56°0 
45 1:80) 3:6 | 7:1110:7|142]17:8/21:3/24°9,28-432°0| 35°5139-1142-6 46°249-7 
50 1:58) 3:15, 6'3.10°0 12-6.15°9118°9]22:6.25:228°9| 31'8)35°5137° 8 415/441 
55 1-45 2-9 | 58 8-7111-6114-5]17°420-323-2|26°1| 29- I 31°9134- 8 37:7,40°6 
| | 
60 1:35 2:7 | 5:3, 8:0 10:313°3]15°618°3 20:1.23-0 26° 5 29-2312] 33-9]36°2 
65 1:25) 2:5 | 4°9| 7:4] 9-812-3114:71172119°622-1| 2452701294 31°9|34-3 
70 lo] 2:37 | 4:61 6:9 9211-4 13-8116 °1 A 29-9322 
| 


























lengths of tube, / (and thence the cooling surface), required to cool 
the volumes of liquid, V,, given in column 3 (in this case water: o = 
1, s = 1) from the initial temperature, t,., to the final temperature, 
b,., by means of cooling water at the different initial and final tem- 
peratures, i,, and t,., and of different velocities, v, = 0'02-0'4 m. 

This Table 66 is caleulated by means of equation (235). The 
very great number of the possible variations of all cases has permitted 
only a restricted selection of variables. The table shows that, if the 
pipe is not to be too long, the veloeity of the liquid to be cooled may 
only below. Therefore, in the case of a large quantity of liquid, many 
narrow pipes, arranged parallel to one another, must be used in place 
of one long pipe. 

If it is expected that ine cooling surface will be very clean, 
the number of tubes found from Table 66, or their length, may be 
diminished by about 25 per cent. 
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Iron tubes must be about 20 per cent. greater in number. In 
cooling thick liquids the same increase is necessary. 

If the specific gravity and specific heat of the liquid to be cooled 
are not equal to unity, but are s and o respectively, the number of 
tubes is to be multiplied by so. 


Example. —2000 litres of water are to be cooled per hour from 80° to 30° C. by 
means of cooling water which becomes heated from 15° to 60°C. The veloeity 
of the warm water is 0:02 m., that of the cold water 0:01 m., the cooling pipe is 
to have a diameter of 20 mm. 

According to equation (229) the amount of heat to be transferred is 

C =— a lire == Taoe) = 2000 x ıl x 1(80 = 30) 
= 100,000 calories. 

The volume of cooling water is 
> © 100,000 
 tge— bu 60-15 

Through a tube of 20 mm. diameter there flow in one hour at V, = 0:02 m. 
per second, according to Table 66, 22:6 litres. There must therefore be an 
89 tubes. 

The length of each tube is obtained from equation (235): 

1_ d 
2% kröm 
in which, by equation (232) and Table 64, k, = 170. 
BD 978, theratons, by Mäkle-t, 


80 - 60° 20 
mV UA, 


Fr = 2222 litres. 








900,000%r(kna Em Live); 


0:02 
thus = 170 x 17: 44, 900,000 x 0:02(80 — 30) = 6:07 m. 


The cooling surface is therefore H = 89 dl = 35°8 sq. m. 





If 2000 litres of alcohol (86'3 per cent. by weight), for which o„, = 0'7 and 
Su = 0'8, are to be cooled under the same conditions of temperature as above, 
then 

C = 100,000 x 0:7 x 0'8 = 56,000 calories. 

56,000 
60 — 15 
The number of tube is, as above, 89. 
The length of each tube, ! = 6:07 x 0°7 x 0:8 = 3'4 m. 
The cooling surface, H,, is about 19 sq. m. 





therefore F) = — 1244 litres. 


Experiment.—Hentschel’s wort cooler. A hollow spiral (conveyor) of 350 
mm. diameter turns in an open trough of about 360 mm. diameter at 40-45 
revolutions per minute, and carries the wort from end to end. The cooling 
water flows in the hollow spiral in the opposite direction to the wort in the 
trough. 
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9800 litres of warm wort were in this way cooled by means of 14 sq. m. of 
cooling surface from 58°8° to 1625° C. in 45 minutes by 2400 litres of cooling 
water, which was heated from 10° to 40° C. 

Now, 0. = 58'8 — 40 = 18°8° 
0, = 16'25 - 10 = 625°, 
z 0, _625 _ 
0. 188 
Therefore, by Table 1 the mean temperature difference is 
Om = 0'583 x 18-8 = 10°96°. 
It was observed, in regard to the wort, that 


ee 92 
= RER — 102) _ „ou 1085 


or in regard to tie water :— 

4 x 2400(40 — 10) 
3 x 14 x 10:96 

The velocity of the wort over the cooling surface is 


0:350..m. 45 
moon 0'41 m. per second. 
The velocity of the water is equally great, but there is to be added to it the 
veloceity in the hollow spiral, which is, if the section of the spiral be 0:15 sq. 


dem.: 





— about 621. 





kr en 


%n 


en 2400 x 4 
22502 00%.30.125%x.10 
Thus the water is carried with a velocity of 0‘41 + 0:60 = 1:01 m. over the 
diaphragm between water and wort. 
The coefficient of transmission for the water, calculated by equation (232), is 
200 
es 
—+ —_ 
1+6N04l 1+6w101 
This result agrees with the observed coefficient %k, = 626 with suflicient 
accuracy, since the metal surface is always kept clean by the wash of the liquid, 
and the coefficient thus somewhat increased. 
The transmission coefficient for the wort appears to be considerably higher, 
because it is in contact with the air and is thus cooled by evaporation to a con- 
siderable extent, which is the advantage of this method of cooling. 


— about 0'6 m. per second. 








= — - = 572 (approx.). 





In refrigerating machines the exchange of heat generally takes 
place at a low temperature ; for this reason, and because the liquids 
used are not always as mobile as water, the coefficient of transmission 
appears to be somewhat lower. H. Lorenz (Zeits. f. d. gesammte 
Kälteindustrie, 1897, Heft 9) found, for liquid carbonic acid which 
was cooled in an iron pipe from 34:58° to 21:61° C. by means of water 
which became heated from 9'9° to 21'61° C., k, = 105. In another 
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case, when the liquid carbonic acid was cooled from 19'45° to 118° C., 
and the cooling water warmed from 99° to 11:08°, k, was 125 (when 
the real mean temperature difference was used in the caleulation). 

2. The second method (discontinuous or periodic) consists in bring- 
ing the whole quantity of liquid to be cooled at once into a vessel 
and allowing the cooling fluid (usually water) to flow round the 
external walls of the vessel, or through pipes or plates, at rest or 
‚in motion, until the liquid is sufficiently cooled. Tbe operation is 
shortened if the liquid to be cooled is moved artificially at a fair speed 
over the cooling surface or the cooling surface is moved through the 
liquid, since the very small differences of temperature existing at the 
same time in the liquid cause only a slow circulation. The amount 
of heat to be extracted from the weight of liquid, F'„ which is cooled 








from t,, to t,,, and thus to be taken up by the cooling agent is 
O2 ll — Dual) = Be 
The cooling surface required for the transfer of this amount of heat is 
Ö Ö 
Ze 2 
Hi KO, 200 r = 
il 2 f m 


ee 

If we assume that a uniform temperature prevails throughout the 
warm liquid at any instant, so that all portions take a regular part in 
the cooling, then the mean temperature difference between the liquid 
and the cooling medium diminishes continuously, the latter being 
heated from its constant initial temperature to a final temperature 
which decreases during the progress of the operation. 

The mean temperature difference at the beginning, 6,,, is obtained 
from the greatest and least temperature differences between the warm 
liquid and the cooling medium at the beginning, 6,, and 6,. The 
mean temperature difference at the end, #,,, is obtained from the 
greatest and least temperature differences at the end, 6,, and @,,. 

The true mean temperature difference, 6,,, for the whole operation, 
is obtained from the two mean temperature differences at the begin- 
ning and the end, 6, and 6 


MU ine* 


VER = 
By means of Table 1, re gives the mean temperature difference 
al 


of the beginning: 6,, = a64,,; similarly, 2 gives the mean tempera- 
ar» 
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me 


Inn 





ture difference at the end: @,.= ß6.,. Finally, gives the true 


mean temperature difference: 
6, — Yılma = yadıı . . . . . . (238) 


When the true mean temperature difference, 6, is found, and also 
the mean temperature, t,, of the warm liquid caleulated in the well- 
known simple manner, then by subtraction the mean escape tempera- 
ture of the cooling water is found : t,, = t„ — 6,; from this the mean 
increase in temperature is obtained: Li, = ti — ti, and thence the 
weight of cooling water requisite to extract the quantity of heat, 0 :— 

© C 


were (239), 





If we now arrange that the ratios 


al 
a= ß, the calculation and explanation are simplified. We shall 


therefore now assume that the ratio of the temperature differences at 
the beginning is equal to the ratio of the temperature differences at. 
the end—a very good and natural condition. 

In order to estimate the necessary cooling surfaces we still require 
to know the velocities of the liquid and the cooling water, v,, and %y. 
The former may be taken at about 0:02 m. if there is no stirrer and 
the cooling surfaces are favourably arranged. 

If the cooling vessel be provided with a stirrer it may be ge 
so as to give the mass a velocity of 1 m. or rather more, but not 
more than 3 m. 

The velocity of the cooling water, when it flows through pipes, 
may be determined by means of Table 66. It will generally be 
very low. 


and 2 are equal, 2.e., that 


a2 


Example.—2000 litres of water are to be cooled in 1 hour from 80° to 20° C.. 
by water at 10° C. which is to be heated at first to 60°. 
The quantity of heat to be transferred is 


C = 2000(80 — 20) = 120,000 calories. 


The mean temperature difference at the beginning is, by Table 1, 





(s bi 8-60 90 
sınce 


i = Ed 
du 80-10 0.286 ) 


I 


Oma = 0:5750,, =09792x°. 10-4025 


N 


316 EVAPORATING AND CONDENSING APPARATUS. 
At the end, 
( since 9% is to be equal to Ge, ) 
a2 al 


| Bir — 0.575043 — 0:575 (20 = 10) — se 
| The true mean temperature difference is therefore 


2 Ome Re 575 Mer 
( since nr Tr 0143 ) 


Om = 0575 x 0°441 x 70 = 177°. 
The mean temperature of the liquid is 
bie 20 


( since a 5 -035) 


ln = 0'544 x 80 = 43°52°. 
Consequently the mean temperature at which the cooling water leaves is 

Ixe = 43:52 — 17'7 = 25'82°, 

Now tem = 2582 — 10 = 15°82°, 
and C = 2000(80 — 20) = 120,000, 
therefore W = 7580 litres. 
If the water flows through the pipe with a velocity of 0'1 m., and if the 
stirrer gives the liquid to be cooled a velocity of 1m. over the cooling surface, 


then, by Table 64, k, = 408. 
The requisite cooling surface is therefore 


C 120,000 


N Iir0öm 408 x 177 


= 167 89.01, 


Since the velocity in the pipe is to be 0‘1 m., the cooling surface may con- 
sist of:— 


1 tube of 160 mm. diameter, 33°4 m. long. 


4 tubes of 80 1; 2 167 R 
be) » Dr „ 1147 „» 
18 v7 40 „ „ 84 


The desired data for a few cases are collected in Table 67. 


Experiment.—In the mash-tun of a distillery, with 84 sq. m. of cooling 
surface in the shape of brass tubes of 45 mm. bore and 48 mm. external diameter, 
3000 litres of wort were cooled in 105 minutes from 62:5° to 16'25° C., by means 
of 9632 litres of cooling water (9173 litres per minute) at 10'62° C., which was 
heated to 50° at the commencement, to 13'4° at the end. 

The average velocity of the water in the cooling pipe was 0'877 m., that of 
the wort over the cooling surface about 0'85 m. per second. (Tub 2300 mm. in 
diameter, stirrer gives 30 revolutions per minute, hence its mean velocity is 17 
m. The motion of the liquid moved by the stirrer was assumed to be half as 
great.) The wort lost 3000 (62-5 — 16'25) = 138,750 ealories. The water gained 
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TABLE 67. 





Discontinuous (periodic) cooling. Mean temperature difference, 6,, 
mean temperature of outilow of cooling water, t,, the requisite 
quantity of cooling water, W, and cooling surface, H,, for 
velocities, of the liquid of 1 m., of the cooling water of 0 Im; 
in order to cool 100 kilos. of en in one hour. 
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60 28-3 360 10.43 || „ I „ | 20 | 40 16 374 | 0:49 
80 |18-8 390 | 0:36 || 15 | 60 | 40 | 50 134-4 120 | 0:28 
60 1176 516 | 1:00 || „| ,„ | 40] 40 128-9 178 | 022 
60 \45°7 BO KOdlb I. |. 1:20 150.189 3:2] 303 | 1:10 
40 [31-4 195 [0-11 | „| ,„ | 20 | 40 l17-2|12-4|94-8| 408 | 0:80 
60 314 281 | 0:37 || 10 | 50 | 30 | 40 125 147 | 0:31 
40 |23 311 1028 || „| „ | 30 | 30 [20 238 | 0:24 
60 117-4 375 108 | „| ,„ | 20 | 40 1175 273 1 0:63 
40 19-4 590 | 0-63 || „I ,„ | 20 | 30 I15 330 | 0:48 
| | 
60 46 98-6] 147 | 0-14 || 15 | 50 | 30 | 40 25 |%3-6]257| 190 | 0:36 
40 |32 22-71 220 | 0-12 || „| „ | 30 | 30 jar-afı7-9[p1-4| 315 | 0:28 
60 132-3 33-2| 220 | 040 ‚| „ | ,„ | 20 | 40 |18°6 339 | 0:83 
40 246 20: 87 1097 || „1 „. | 20.1 80 zlllan 526 | 0:61 
60 |18-4 29-8] 405 | 1:08 || 10 | 40 | 20 | 30 167 f11 253 | 0:45 
40 117 94-6| 625 | 0-80 || „| ,„ | 20 | 20 |13°3]15 513 | 0:33 
60 143-42-6|a6-9| 74-3| 0:22 | 15 | 40 | 20 | 30 |18 355 | 0:60 
50 [26-7 29-5 103 | 0:16 | 1725 1.800:20. 06 741 | 0:44 
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9632 x 12:1 = 116,547 calories. The difference, 138,750 - 116,547 = 22,203 
calories, was lost by radiation and evaporation. 

The mean temperature difference was @,, = 12:03°, hence the observed co- 
efficient of transmission is 


1: C 116,547 
vr = — 2 — 
s Hy40m2n 105 
84x 21x — 
x x 0 
The calculated coefficient of transmission is: 
200 
1 1 
BR _ 
1+6nNv  1+6NVn 
200 : 
= n n — 656 calories. 
Man nn IMRE 
1+6n0877 1+ 60:85 
The agreement is sufficiently good. 
The following table gives the course of the experiment: 





= 665 calories. 


ler = 











Rise in temperature 
of water. 


Temperature differences. 








Temperature 
Temperature 
of waste water. 


of wort. 
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“) mean. 


Total mean. |Observed. 


minutes. 
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E. Open Surface-coolers, 


Many hot liquids are cooled by allowing them to flow down, 
exposed to the atmosphere, over metallic surfaces, on the other side 
of which passes cold water. This form of apparatus is here called 
the open surface-cooler. Its cooling surfaces consist of straight or 
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bent tubes arranged one above the other; the section of a tube is 
cireular, oval or approximately triangular. More rarely plane surfaces, 
vertical or inclined, or vertical tubes, are used. 

The liquid flows down over the cooling surface with various veloci- 
ties, which increase with the smoothness of the surface, the height 
of flow, and with the quantity of liquid which flows in unit time over 
unit length of the apparatus, i.e., with the thickness of the flowing 
layer. The velocity decreases with the inclination of the surfaces to 
the horizon and with the consistency, thickness or viscosity of the 
liquid. 














Water 














Over smooth plane vertical surfaces, the height of which is 
1! 2 3 4 m, 
the mean velocity at which 
water flows down is about 0°5-0:7 0:6-0:9 0'8-1'1 09-13 m. 

The quantity of liquid, which flows down in one hour over 1 m. 
length of the cooling surface, may be greater in larger apparatus than 
in smaller. With an apparatus which can cool in one hour 

100 300 500 800 1000 2000 3000 (or more) litres, 
there may flow 
over a length 
au... Mm, im 
one hour 125 300 390 420 550 700 800 litres. 

The cooling water enters below and leaves above; it is desirable 
that it should pass through the cooling tubes with a tolerable velocity, 
which may be about 0°5 mm. in small apparatus, 1’0 m. or more in a 
large apparatus. 
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TABLE 68. 


The copper or brass cooling surface, H,, in sq. m., and the cooling 
water, W, in litres, for open surface-coolers, required to cool 
F', = 100 kilos. of aqueous liquid in one hour from t,, = 100°- 
30° C. down to L,, = 30°-3° C., by means of cooling water at 
tun = 2-15° C. 












Original temperature of the cooling water, fj.. 




















83 
Bere an 
=uSiip oH 
Sp = 8 DE Du 1110)2 192 
RE ee 
ER io) Sqa E _ 
& ei RE 
33° a aD . Mi: 
Bo 5.8 Temperature of the cooled liquid, t,.. 
ni — h, 
4) - m) oo 
fe) i 
oO s = Ä I oO | | | | 
a. | C) | | c 
3 9212102 | 201 1412) 192152522 219226002 | 30° 
ba Era | 








































100° 20° 0m = 1391| 3:91 | 7:24 112-40| 3-91 | 7:24 |12-40| 3:91 | 7:24 |12-40 
H, = |2'50|2'42 | 126 0:646| 2:26 |1'18 06041216 1'11| 0:56 

W= | 111] 111 | 107 |94-2| 112 | 107 | 94 | 112| 106 | 94 

80° 0 = [6:34 | 6:34 |10:8817°44| 6:34 110-88|17°44| 6:34 |10-88117-44 

H,= |1'55|1'48| 0:83 0460| 1'40 0:78 |0'43]1:33 | 0:74 0:40 

W= | 115 | 125 | 120 | 107 | 128 | 122 | 108 | 130 | 123 | 108 

60° 0. = [10:56[10:56 16:96 25°60|10°56 16:96 25°60|10°56 16:96 2560 

Hz = 1092 | 0:90 | 0:53 0'31|0'84 0:50 0°29| 0:8 0:48 | 0:27 

W= |168| 171| 164 | 146 | 178 | 170 | 150 | 187 | 179 | 155 

80° 70° 0m = [3913-91 | 7:24 |12-40| 3-91 | 724 |12-40| 3-91 | 7-24 |12-40 
H, = |1'98|1'82| 0:97 0°49|1'62 0:89 0:45 [161 0:83 | 0:45 

W=|114| 114| 108 | 93 | 115 | 109| 92 | 116| 110| 90 

60° 0 = [6:34 | 6:34 |10-88117:44| 6:34 |10-88]17-44| 6-34 110-88]17-44 

H,= |1'22|1'21 | 065 |0'36 [109 0:60 '0:34|1:01| 056 0:34 

W= | 133 | 129 | 121 | 104 | 140 | 130 | 110 | 144 | 133 | 110 

40° P,. = [10:56[10°56|16°96 25°60|10°56 16:96 25°60|10°56 16-96 25-60 

H, = |073| 070 | 0:41 0:35 [0:69 0:38 0°22|0°60 0°36 | 0:20 

W= | 200. | 212 | 200 | 171 | 230 | 217 | 184 | 260 | 240 | 200 


































60° 50° 9 = [3:91] 3-91 | 7-24 112-40| 3-91 | 7-24 12-40] 3-91 | 7-24 12-40 
Hr, = |1'46|1'40 | 070  0:33[173 0:63 0'28|1'15 | 0°56 | 025 
W= | 119| 120 | 110 | 90 | 123 | 112| 88 | 126| 114| 89 
40° 0. = |6'34 | 6:34 |10:88117°44| 6°34 |10:88/17°44| 634 110:88117°44 
Hr, = |0'90 | 0:84 | 0:46 0:20 [0:80 '0'42 0:20 |0°72 0:37 | 0:20 
W = | 150 | 150 | 143 | 90 | 163 | 150 | 117 | 180 | 160 | 120 
50° 40° 0 = [3°91 | 3°91 | 724 |12°40| 3:91 | 7:94 |12-40| 3-91 | 7:24 |12-40 
HH, = |1'24|1'15  0°56 0°24|0°99 0:48 0:22 [0:80 042 0:17 
W= | 124|124| 114 | 89 | 1380| 117 | 83 | 1386| 120) 80 
30° 0m = |6°34 | 6:34 |10:88 17:44] 6:34 |10:88/17°44| 634 |10:88117°44 
Hr, = 1074 1071| 0:37 0:20 | 0:61 |0'32 0:17[0°55 0°28 0:12 
W= | 170| 178 | 160 | 120 | 195 | 175 | 125 | 226 | 200 | 133 
| 
| 
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TABLE 68—(continued). 





Original temperature of the cooling water, fj.. 





























= 
2 | Su 
FE a 9° 5° | 10° 15° 
00 ee 
ee | SE 
29 | den BE 
5 IE: 2 Temperature of the cooled liquid, f... 
BE8 858 | | 
32 I 6° | 10°.):20° 111° 4 15° 1 252 | 16° 202 02 
Lava Era 
40° 30° 0m = 13°91 [3-91 | 7:24 |12°40| 3-91 | 724 112-401] 3:91 | 7:24 11240 
Hr = |0'90 [0:80 | 0:42 | 0:16| 0:75 | 0:35 | 0:12|0°65 028 0:09 
7211327136 1.190: 8011145 125 | 75 | 160 | 133 | 66 
20° 0. = 16°34 [| 6:34 110:88117°44| 6:34 110:88117 44] 6:34 |10°88117 44 
Hr = |0:61|0°45 | 0:28) 0:12] 045 0:35 | 0:09|0°40 | 0:19 | 0:06 
W= | 200 | 227 | 200 | 133 | 290 | 250 | 150 | 480 200 200 
30° 25° OIm= 25] 25 |50| 90125 5 9 125 d — 
Hr = |1:09|0:97 | 0:40 0:12 0:77 0:30 | 0:06|0°57| 02 | — 
W= | 118] 120 | 140 | 50 [| 180 | 100 | 33 | 140 | 100 | — 
20° 0m = [391 | 3:91 | 7:24 [12-401 3-91 | 724 112-401 3-91 | 7-24| — 
Hr, = 10701064 |0'28|0:09|0:49 021 0:05|0°25 015 — 
W= 1150| 160 | 133 | 67 | 190 | 150 | 50 | 280 | 2830| — 























a  ———————————— 


The cooling action of this apparatus is generally very good, because 
the thin layer of liquid greatly favours the transfer of heat, and 
because the veloecity of both liquids—the cooling and the cooled— 
may be greater here than in closed coolers, since the air itself 
takes up heat and by evaporation accelerates the cooling, and, finally, 
because the surfaces are easily accessible and can therefore always 
be kept clean and active. A small amount of the heat is also lost by 
radiation. 

As a rule, open coolers are placed inside the works, and occa- 
sionally air is blown over the surfaces in order to increase the 
cooling action. The surrounding air rises very slowly over the 
liquid, with small eoolers and not very warın liquids, at a velocity of 
0:2-0°3 m. ; with higher apparatus and warmer liquids, at about 1 m. 
per second. The air is heated approximately in proportion to the 
temperature of the liquid to be cooled, and, in proportion to the 
degree of heating and its original amount of moisture, it takes up water, 
as will be described in treating of cooling water. The liquid loses by 


evaporation 1-3 per cent. of its weight, according to eircumstances, 
21 
2) 
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There are no reliable experimental figures as to the heating of 
the air and its evaporative effect in this form of cooler ; it is therefore 
necessary to calculate the quantities of heat taken up by the air and 
by the cooling water separately in open surface-coolers. It would 
appear that the heat given up to the air is approximately proportional 
to the mean temperature difference between water and air. 

The hotter is the liquid to be cooled when it reaches the cooler, 
the better the apparatus works, since then a tolerable quantity of 
heat is taken up by evaporation. It is of considerable importance to 
the cooling capacity that the liquid should flow down quietly over the 
whole surface, without splashing. It will be assumed that in this 
case the coeflicient of transmission, k, = 1000. The amount of 
moisture in the surrounding air also affects the cooling action. 

Experiments. —1. An open surface-cooler with a cooling surface of 13'4 sq. m. 
cooled 2600 litres of beer per hour from 70° to 13°C. by means of cooling water at 
10°, which left the apparatus at 33°C. This gives k; = 800. 

2. A similar apparatus with a surface of 13:5 sq. m. cooled 3500 litres of beer 
per hour from 70° to 18° C. by means of cooling water at 15° C., which flowed 
away at about 40°C. This gives k, = 1010. 

3. A similar apparatus with a surface of 20 sq. m. (16 tubes of 55 mm. ex- 
ternal diameter and 4200 mm. long = 11'5 sq. m., fed by water at 8:75-25°, plus 
12 tubes of the same size = 8°66 sq. m., fed by ice-water at 1°-7:5° ©.) cooled 6000 
litres of beer per hour from 437°-6°C. The temperature of the beer at the 
outlet of the ice-water was 14:1°C. This gives for the 11°5 sq. m. kr, = 1000, for 
the 8:66 sq. m. kr = 670. 


As a result of these and other similar experiments not given here, 
we assume that it is permissible, in estimating the necessary cooling- 
surface of open coolers, to take 


%,= 1000 2 woran me 
and thence the surface required to abstract © calories is 
Ö 


This expression is applicable to copper and brass cooling tubes, 
cooled by water, and to thin warm liquids. 

If the original temperature of the liquid is low, say under 15° C., 
we may only take a 

= 00 0 m ur ee 

If the cooling surface is of iron, then for warm liquids %, = 800. 

If the liquid to be cooled is somewhat thicker than water, 7, must 
be increased by about 20 per cent. 





dä 
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Table 68, which is clear without further explanation. has been 
compiled in this manner. 


Example. —In one hour F„= 1000 kilos. of an aqueous liquid at tua = 80°C. 
are to be cooled to ft. = 17°. The cooling water is at 15°, and is to flow away at 
60°C. 

Now, 3 =1, C = Fftwa — bie) = 1000(80 — 17) = 63,000 calories. 

The greatest temperature difference is: 0, = 80° — 60° = 20°. 

The least temperature difference is: Kelten, 

2 


Since F = 0:1, it follows, from Table 1, that 
ü 0, = 0391 x 20 = 7:88°. 
Thus the necessary cooling surface is 
HM. C 63,000 
Armen 1000 x 78:1 x 1 
The requisite weight of cooling water is given by 
CO = Witze — tra) = W(60 - 15), 
or W = 1400 litres. 





— Bgm 


F. Cooling by Contact with Metallic Surfaces which are 
Traversed by Cold Air, 


This method has been sufficiently treated in Chapter XX., B. 2, 
page 283. 


G. Cooling Water by Air. 


In cooling large quantities of water, the method is generally used 
of exposing the water with the greatest possible surface to air at rest 
or in motion. The water is allowed to stand in shallow tanks with a 
great surface, to flow through a long shallow channel, to flow down 
in sheets over terraces or over vertical or inclined plane walls; it 
also falls in the form of jets and drops down cooling towers or is finely 
divided and sprayed by roses, to sink down as dust. 

The cooling air either moves with its natural velocity, or is 
artificially driven, over the water. In these arrangements it is 
endeavoured to bring the greatest volume of air in direct contact 
with water in the finest possible state of division. 

The cold air has a twofold cooling action on the warm water; in 
the first place it acts directly by abstracting heat and itself becoming 
hotter. If the atmospheric air, at its first contact with the water, 
has the temperature i,, and leaves it at £,, then L kilos. of air take 
from the water in being heated : 

0. = 202375(1, - ia): = +». (243) 
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In the second place the air cools the water by causing a portion 
of it to evaporate. The atmospheric air, which is practically never 
saturated with moisture, readily takes up more, especially when it is 
warmed, as by the water in this case. 

In regard to the quantity of water which can be taken up by air, 
and other questions of interest here, more detail will be found in the 
author’s work, Drrying by Means of Steam and Aür (Scott, Greenwood 
& Co., London, 1901), from which the numerical values required 
below are taken. 

If 1 kilo. of air before contact with the water contains d, kilo. of 
vapour, and on leaving the water, d, kilo., this 1 kilo. of air has taken 
up during the contact (d, — d,) kilo. of water vapour. If the mean 
temperature of the water was t,,, the number of calories withdrawn 
from the water for the evaporation of the water taken up by 1 kilo. 
of air was 


O,= L(d, - 4)(640 m) = un aa 
Thus, in all, Z kilos. of air take from the water 


0, = C. + (C,= L[0'2375(t,. - bu) + (de — d.) (640 — t,.)] (245) 
calories. 
If W kilos. of water at the temperature t,, are to be cooled to the 
temperature Z,., then there are to be withdrawn for that purpose. 
Wt,. — t..) ealories ; the principal equation is therefore 


Feed, 
L[0-2375(t, - tu) + (d, - d,) (640 - tm)] - (246) 


The temperature of the external air, t,, is very variable, and so 
also is the quantity of moisture in it; the temperature of, and 
moisture in, the air when it leaves are variable, and the temperature 
of the cooling water is different in each case. In order to obtain a 
view of the prevailing conditions and actions in the many different 
and varying cases, Table 69 has been calculated for temperatures of 
the outer air of it. = — 20° to + 30° ©. and of the emergent air of 
t, = 5° to 40°C. 

For Table 69, the amount of heat required for the evaporation of 
1 kilo. of water was taken at 600 calories, which is perhaps somewhat 
low. It is also assumed that the atmospheric air is completely 
saturated at the prevailing temperature, but that it leaves the cooler 
at temperatures from 5° to 40°C. only three-fourths saturated. The 
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values of d, and d,, which give the amount of water in 1 kilo of air, 
are taken from Tables I. and III. of the above-mentioned work. 

Table 69 gives, in the first lines, the number of units of heat 
taken up from the water by 1 kilo. of air in beeoming heated 
[0:2375(t,, — t.)]), and, in the lines 2, the number of calories ab- 
stracted by the same kilo. of air through partial evaporation of the 
water [(d, — d.) (600 — t,,)]. The sum of these two lines would then. 
show how many calories are withdrawn «m all by 1 kilo of air. 

The lines 3 give the ratio of the absorption of heat through 
heating to that through evaporation. 

The fourth lines give the weight of air, Z, required to abstract 
1000 ealories from the water. 

Example. —If the air reaches the water at 0°C. and leaves it at 20°C., the 
ratio of the heat withdrawn by heating the air to that by evaporation is, by 
section 5, line 3, 0'527 :0°473. 

If a total of 1000 calories is to be abstracted, then the air must take for 
heating itself Ce = 1000 x 0:527 = 527 calories, and by evaporation C, = 1000 x 
0'473 = 473 calories. 

Now, by equation (243), 

Ce = L0-2375(tie - tın) = LO-2375(20 — 0) = 527 calories, 
and thence the necessary weight of air (Table 69, section 5, line 1) is 
NR 475° 111 kilos. (approx.). 

[To confirm. These 111 kilos., if the air is quite saturated at 0° and only 
three-fourths saturated at 20°C., can in fact take up for evaporation C,= 1000 x 
0'473 = 473 calories, for, by Table 1 (see Drying by Means of Steam and Air), 
the amount of water which can be absorbed by 1 kilo. of air under these con- 
ditions is d, — d. = 0'01103 - 0:00387 = 000716 kilo., therefore 111 kilos. absorb 
111(d. — d.) = 0:79476 kilo. of water, for which (on our assumption) C, = 0'79476 
x 600 = 476'8 calories are required.] 

The fifth lines contain the volume, v,, of the weight of air, L, at 
the external temperature, t,. This volume of air is obtained by 
dividing the weight of air, Z, by the weight of 1 cub. ın. of dry air at 
the proper temperature (obtained from Table 1, column 8, of Drying 
by Means of Steam and Air). 


In the above example, 111 kilos. of air at 0°C. occupy a space of ne 


; 
1'283 “ 


cub. m. 

The sixth lines then give the weight of vapour which is evaporated 
from the water by the caleulated weight of air, L, which weight may 
thus be regarded as loss in the cooling apparatus. This is for a total 
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TABLE 69. 


The heat taken up by 1 kilo. of air in becoming heated, C,, and by 
evaporation, ©,. The fraction of the total absorption of heat due 


Ö. C, 
to heating, T+T% and to evaporation, 0.+ 0 The requisite 


weight of air, Z, and volume, V,, and also the evaporation of 
water for the abstraction of 1000 calories. For temperatures of 
the completely saturated external air of — 20° to + 30°C. and 
temperatures of the outlet of the three-fourths saturated air 
from 5° to 40° C. 






































„ [ Temp. Temperature of the air outlet, t.. 
Sa Sethe 
8.2] abmos. 
2] Me 5° | 10° | 15° | 20° | 25° | 30° | 35° | 40° 
Era 
1 I —-20 (bie — ba) 02375 = 5-94 | 7:12 | 8-30 | 9:50 |10°68|11°78| 12-9 |114°22 
a BR: | (d. — d.) (640 — tu) = 12°04 3:006| 4:38 | 6:16 | 8-4 111'86/1578120°6 
3 Is 3 & \| By heating - [0:744 0:704.0°:659 0°607.0°562 04900449 0407 
ns | By evaporation - 10°256 0296 0°346.0°393.0°438'0°510.0°551/0°593 
u | Weight ofair, U = 125 | 100| 80 | 64 | 53 | 42 | 35 | 29 
5 °35- Volume of air, Vu = | 90 | 70 |57°6| 46 | 38°2:|80-2]2521 21 
6 IF>55 | Water evap’t’d, kilos. |0-4220:501/0°584 0°656/0:747'0°828/0°9530°995 
11-15 (tie — tıa) 0°2375 = 4:75 | 5'94 |7:125| 8:30 | 9:50 |110°68111:78| 129 
g (de — da) (640 — tw) = [1:80 12:772| 4:08 | 5°93 | 816 |11°62115°48120°3 
3 By heating - - 10:725/0:682/0°635/0°583/0°539/0°479/0:432/0°389 
By evaporation - 10:275,0:318/0°365.0°417/0°461/0:521/0°568/0°611 
4 Weight ofair, 4 = 153.115) 90 | 70 57 1 25 7 a7 10 
B) Volume of air, Va = |112| 84 |657|512|417| 33 | 27 | 22 
6 Water evap’t’d, kilos. |0:457/0:521/0:622.0:692.0°780/0°870 0°96611°019 
1] -1i0 (bie — tu) 02375 = 3-57 | 475 | 5°94 |7:125| 8-30 | 9-54 |10-68|11°78 
2 (d. — da) (640 - t„) = [1'44 | 2:43 | 3:80 | 4:98 | 784 |11127115°18119-98 
3 By heating - - 10:700 0:661 0°610/0°57210:514 0:458.0°413.0°37 
By evaporation - [0:300.0:339|0:390 0°428|0:486.0:542|0°587 0:63 
4 Weight of air, L = 200 | 1389| 108 | 80 | 62 | 48 | 39 | 31 
5 Volume of air, V.. = 149° 5| 104 | 76-9 | 59-8 | 46-3 | 35°9 | 29-1 | 23-1 
6 Water evap’t’d, kilos. [0'484 0°562 0°653.0°745.0°780.0:903.0°985|1°03 
1 -5 (tie — ta) 0:2375 = 2-375| 3-57 | 475 | 5'94 |7'125| 8-30 | 9-50 |10°68 
2 (d, — d.) (640 — tu) = [0°96 | 1'95 | 3-21 | 451 | 7:35 110:78114°65119°33] 
3 By heating - - [0:713/0:64710°590 0:568|0°492|0:435/0°385|0°356 
By evaporation - 10:187'0:353/0°410/0:432|0:508.0°565'0°615.0:644 
4 Weight ofair, L = 300 | 180 | 124 | 96 | 70 | 53 | 40 | 34 
5 Volume of air, Vu = 1 228 | 136 1943| 73 | 53 |40-3 | 30-4 | 25°8 
6 Water evap’t’d, kilos. [0480 Be 0'813/0°951/0°97811:10 
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TABLE 69—(continued). 











Temp. Temperature of the air outlet, f,.. 
of the 
atımos. | 
a 5° |10°.| 15° | 20° | 25° | 30° | 835° | 40° 
Era | I 
Fee 
0 (tie — tıa) 02375 = 1:187| 2-37 | 3-57 | 4-75 | 5:94 | 7-13 | 8-30 | 9-50 
(d. — d.) (640 - tu) = |0:162| 1:14 | 2:52 | 4:26 | 6:55 | 9:96 |13-87|18:73 
By heating - - 10:88010:675/0°586|0°527 0°475.0°418.0:374|0:336 
By evaporation - 10:120/0:325/0°414/0°473/0:525/0:582 0:626 0664 
Weight of air, L = 746 | 284 | 165 | 111 | 81 | 60 | 45 |35°5 
Volume of air, Va = | 581 | 221 1128-5] 86-5| 73 |46°7| 35 |27-6 
Water evap’t’d, kilos. |0:202.0:540 0:680/0:794 0:786/0°99811:040,1:108 
5 (bie — a) 0:2375 = — [1:187| 2:37 | 3:57 | 475 | 5°94 [7125| 8:30 
(de — da) (640 - tu) = | — |0:160| 1:53 | 3-30 | 5:58 | 8-94 |12-90117°70 
By heating - - | — |0:885/0:608/0:5180°458.0°400/0°3560°319 
By evaporation - P — /0:115,0:392,0:482)0-541/0:6000°644.0°681 
Weight ofair, L = — | 750 | 252 | 145 | 99 | 67 | 50 | 38 
Volume of air, Va= | — | 600| 201 | 116 | 80 | 54 | 40 [30-5 
Water evap’t’d, kilos. | — 0'180 0:63710:797\0:745/0:9981:073|1:123 
1 10 (bie — ba) 02375 = — | — 1187| 2:37 | 3:57 |475 | 594 | 713 
2 (de — da) (640 - u)=| — | — | 0:21 | 1-97 | 4-25 | 7-68 |11-52]16-44 
3 By heating - -| — | — 0'854,0:546 0:457 .0:382)0:340,0:325 
By evaporation -[ — | — /0:1460:454.0°543/0:618/0:66010°675 
4 Weight of air, L = — | — | 720 230 | 129 | 80 | 57 144-4 
5 Volume ofair, V„= I — | — | 583 1186-51104-5| 65 |46°2| 36 
6 Water evap’t’d, kilos.| — | — [/0:25910:759/0-91611:02411:10011:216 
1 15 (tie — bu) 02375 = — | — | — [1:18 | 2:37 | 3:57 | 475 | 5:94 
2 (de — du) (640 - tu) =| — | -- | — |0:12| 2-4 |6-72 | 9-72 |14-58 
3 By heating - -1 — | — | — /0'902/0:495|0°34710:3280-290 
By evaporation -1 — | — | — [0:098/0:505|0:653/0:672/0:710 
4 Weight ofair, L = er 760 | 200 IT I 
5 Volume of air, V,. = — | — | — | 635 1172-6! 80:5 | 573 | 40-6 
6 Water evap’t’d, kilos.| — | — | — |0:1530:832)0-990|1-11811'191 
1 20 (bie — ta) 02375 = —- | — | - | — [1187| 237 |3°57 |475 
2 (de - d) (60 -u)=| — | — | — | — | — [3-42 | 7-32 12-18 
3 By heating - -1 — | — | — | — | — I0:40910-327|0-281 
By evaporation 1 | — | -— | -— | — 0%591/0:6730:719 
4 Weight of air, L = —|—-| | — | — |172| 90 | 59 
5 women, .=-|- || = | =] = 1617655 0 
6 Water evap’t’d,kilos.| — | — | -—- | — | —- [0-98011-09811-192 
| 
1 25 (bie — ta) 0:2375 = —-— || | - | — |1:18 |%-375| 3-57 
2 (de — d.) (640 - u)=l — | — | — | —- | — [0.18 | 4-08 | 8-98 
3 By heating - -1— | — | — | — | — [0:869|0-36910-284 
By evaporation -1—-|1—| — | -— | — [0:131/0°6310716 
4 Weight of air, L = —| — | — | — | — [|730|156| 80 
5 Yyoumseorar un =l—| —-|—-| | — |681 | 185 [898 








Water evap’t’d, kilos..| — | — | — | --. | — [0-21911-06111-199 




















\ 
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Tage 69—(continued). 


——eee re ———————— 























r Temp. Temperature of the air outlet, /,.. 
F ® of the 
8.2} atımos. | 
za A 5° | 10° | 15° | 90° | 25° | 30° | 35° | 40° 
Eau | | ! | 
.: 30 (die — ba) 0:2375 = —|-|- | —-| — | — |L187| 237 
2 (de - d.) (640 -t)=I — | — | — | — | — | — | — |256 
3 By heating - -1-|-ı | -.| — | | — [0342 
By evaporation -1-|-| -|- | - | — | — 0.658 
4 Weight of air, L = -—ı- || -|ı -| -| - [185 
5) Volume ofair, a= | — | — | — | — | — | — | — [180 
6 Water evap’t’d,kiloss.I — | — ' — | — | — | — | — [1.098 

















abstraction of heat of 1000 calories and on the assumption that the 
external air is completely, and the emergent air three-fourths, satu- 
rated with water vapour. 

It often happens that the external air is not completely and the 
emergent air is more than three-fourths saturated. In that case 1 
kilo. of water absorbs more moisture than is assumed in the table. 
Consequently less air is used for cooling the water and, on the other 
hand, more water is evaporated. In many cases „|; to ;!; of the 
water to be cooled is removed by the air. 

In using Table 69, it is first necessary to caleulate how many 
calories must be withdrawn in one hour from the water to be cooled ; 
the table then gives the weight and volume of the air and the evapor- 
ation of water per 1000 calories. 

The surface of the water, which must be in contact with the air 
in order to produce the desired cooling, is still to be calculated. 

If C. be the heat to be taken from the water to warm the air, not 
by evaporation, 0 the surface of the water in sq. m., 2, the time of 
cooling in hours, @, the mean difference in temperature between 
water and air, k, the coefficient of transmission, ®, the velocity in m. 
per sec. with which the air passes over the water, then, by the usual 
principles, 


PETE 0) 7 ee a. > 
and the surface requisite for the cooling by means of air is 
ER. ©... 





2,60 


Im 
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The transmission coefficient for towers, in which drops are 
abundantly formed, is 


=2+18 Jo, 
for plane surfaces over which the water flows, 
ERS en LEN re er 2: .C), 
for water quite at rest a smaller coefficient must be taken, 
Eee (0 VE ee 2510), 


The veloeity of the air, v, in the atmosphere is very variable ; it 
may be as high as 40 m., but even when there is no wind it is 
generally about 1'5-2 m., which figures must be employed in caleula- 
tion. In cooling apparatus made after the fashion of a chimney, in 
which the air rises in consequence of being heated, it moves with a 
velocity of about 3m. When the air is blown by fans through the 
chimney, the velocity may be arbitrarily fixed at 6-12 m. The large 
volumes of air required are rarely moved by artificial means on 
account of the cost. 

The fresh air from fans is naturally made to enter below in order 
to obtain counter-currents of air and water. 

The mean difference in temperature, 0,, is to be determined by 
means of Chapter I., Table 1. 

It may be seen from the third lines of Table 69 that the heat to 
be abstracted by warming the air, in proportion to the whole amount 
to be given up, is least when the air is heated by the water to about 
15° C., on the hypothesis that the atmospheric air enters the apparatus 
completely saturated and leaves it three-fourths saturated. 

If the external air is cold, the emergent air will also be cool, and 
the temperature difference between air and water will then be large. 
On the other hand, if the external air is warm, it leaves still warmer, 
and the mean temperature difference is then much less. As Table 69 
shows, in the former case the air takes up more heat by being warmed, 
in the latter case more by the formation of vapour. 

The consumption of air is the least when it enters very cold and 
leaves very warm. The necessary water-surface is the least when 
unlimited quantities of air flow over it. If, in a definite case, the air 
is always to receive the same increase in temperature, then, whilst 
the temperatures of the water remain the same, a lower temperature 
of the air necessitates more air and a smaller surface for the water. 
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Air which is originally cold naturally is warmed through a greater 
range of temperature than air originally warın ; thus the consumption 
of air is approximately constant, but the former takes up more heat 
from the same surface. Ceteris paribus, cold air cools better than 
warm air. 

Example.—In z, = 1 hour, 10,000 kilos. of water are to be cooled from 40° to 
22°C., for which C%; = 10,000(40 - 22) = 180,000 calories are to be abstracted. 
The air moves with a velocity of 2 m.—(1) it is originally at 0°, and is warmed 
to 25°C. ; (2) it is at 20°, and is warmed to 35°C. The temperature-differences 
between air and water are :— 

1. Air warmed from 0° to 25°— 

at the top, 0. = 40° — 25° = 15°; at the bottom, @, 
The mean difference is, by Table 1 (since 43 = 0'682) 
0 = 04x 22 =968, 
2. Air warmed from 20° to 35°— 
at the top, 6. = 40° — 35° = 5°, at the bottom 0, = 22° - 20° = 2%. 
The mean difference, by Table 1, (since 2 = 0'4) is 
On = V6BE X DE 309 

In the first case, from Table 69, 0'475 of the total amount of heat is to be 
withdrawn by heating the air, C« = 180,000 x 0'475 = 85,500 calories. In the 
second case, (C« = 180,000 x 0'327 = 58,860 calories. 

Thus, when cold air enters, tbe water-surface necessary in a cooling tower is 


=’ - Ver 


I 





85,000 
= > — — 300 sq. m. (approx.), 
(2 + 18 2)9-68 urn 
and when warm air enters 
Ve EN ie = 730 sq. m. (approx.). 


(2 + 18 N2)3-39 
The requisite weight of air is in the first case 
85,500 





L = —— = los. (= 11,2 UL, 

d 0.337525 = 0) 14,400 kilos. (= 11,250 cub. m.), 
in the second case 

L a = 16,900 kilos. (= 14,360 cub. m.). 


 02375(35 - 20) 

The surface which the water presents to the air must change as 
frequently and rapidly as possible. For heat penetrates slowly into 
a mass of water at rest (Chapter XX., 8, Table 46), rapidly warming 
the external layers to a slight depth, but then entering the interior 
very slowly, and the laws which govern this action also apply, if the 
expression be permitted, to the penetration of cold into the mass of 
water. The figures given in Table 50 hold good also for the decrease 
in temperature of jets of water which fall from step to step in a 
current of cold air. 

The best cooling apparatus will thus always be in the form of a 
staging with the greatest possible number of low steps, over which the 
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air passes rapidly, either sideways or drawn upwards by a chimney. 
Mechanical acceleration of the motion of the air will be advantageous 
in but a few rare cases. 

1000 litres of water, which fall through 5 m. in the finest state of 
division, form a surface of about 4-6 sq. m., which is however insuf- 
ficient to cool the water. The remaining surface required must be 
provided in another way, as by surfaces over which the water flows, 
which must be of ample dimensions since they are generally not 
wetted throughout. 

We now give a few examples, colleeted in Table 70, of open 
stagings (eooling towers) through which air circulates freely. In 
quite open stagings without a chimney the temperature difference is 
greater, which is an advantage, but then the motion of the air is 
somewhat slower than with a chimney. 

Observed Examples.—By means of a cooling tower, with many steps and a 
natural access of air, 3x 12=36 sq. m. in ground area, 4800 mm. high, and with 
3225 sq. m. of wooden surface over which the water flowed, 22,800 litres of water 
were cooled in one hour from 50° to 20° G., when the air entered at 2:5° C. and 
left at the different stages at 8°5°, 145°, 20:5° C. From the water were to be 
abstracted 

Cr = 22,800(50 — 20) = 684,000 calories. 
1 kilo. of saturated air at 2°5° contains 0'0046 kilo. of water. 


1 ” „ „ 8:5° „ 0:0069 ER} 2 
1 LE) &} LE 145° ” 0:0107 ” „ 
1 „ (} bb} 205° „ 0.0153 ’ tb} 


The mean of the last three numbers is 0°01096 kilo. 

If the air which leaves the staging is only saturated to the extent of 80 per 
cent., then 1 kilo. contains 0°01096 x 0'8 = 0008768 kilo. of water. 

1 kilo. of air thus taken up by evaporation 0'008768 — 0:0046 = 0:00416 kilo. 
of vapour, which corresponds to 2'496 calories. 

The air is heated on the average from 2°5° to 12°5°, i.e., through 10° C., con- 
sequently 1 kilo. taken up by being heated 10 x 0'2375 = 2'375 calories. 

Thus 1 kilo. of air takes up a total of 2:496 + 2'375 = 4'871 calories. 

Of the total quantity of heat to be abstracted from the water, the air takes 


2:496 x 684,000 


by evaporation, = 380,438 calories ; 


nu 
by heating, za nn — 293,562 calories. 
The surface of the apparatus over which water flowed was 322°5 sq. m. 
The wetted surface underneath was estimated at - - (6,0 0 
The surface of the falling drops was about 6 sq. m. per 
1000 litres, i.e., = 6 x 228= - - - - - 136°0 


Total - Ole 
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TABLE 70. 


Examples of the direct cooling by air 





[ from fa I 40 40 40 40 40 


| 1000 kilos. of water per hour 
are to be cooled 








to bie 1 20 20 15 10 10 





The air enters the cooler at - — (0) 





















































| And leaves it at - 5 

| The temp. difference is at the top eo, 35 

| The temp. diff. is at the bottom - 20 

j The ratio of the temperature differences 2 = 53 
| Hence the mean temp. diff. by Tablel 6, | - 199 
ern ene). - .  fomn amo a0 soo 
| Of above to warm theair - Ce | 7380 | 9140 | 9550 | 15810 | 21000 
| Of above to evaporate the water - (I Pe PER aands A 
| The water loses by evaporation R kilos. zu 181 | 2575 15 

| Necessary surface of the water, insq.m. OJ 50 26 36 
j Necessary a of air at entry, in kilos. 3108 | 2570 | 2000 5900 











Necessary volume of airatentry,incub.m. V, | 2716 | 2085 | 1625 | 2440 | 4400 
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of water in a fine state of division. 
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TABLE 70. 

















































































































































































































50 50 50 50 50 50 50 50 60 60 60 
30 25 20 15 20 30 35 25 25 F 40 30 
E: 10 E -10 5 10 2 20 | 10 10 10 15 
35 25 20 15 20 25 35 20 30 25 25 
15 BE. 35 a 15 30 30 35 15 
d 15 20 25 en 20 15 15 15 30 35 
d 15 20 25 15 20 15 15 15 30 15 
15 25 30 35 307 1.25 15 30 30 35 35 
911965 | 246 | 2975 [' 217 | 21-8 15 SAT 2 322 241 
20000 | 25000 | 30000 | 35000 | 30000 | 29000 | 15000 , 25000 | 35000 | 20000 | 30000 
Ei 11425 | 15810 | 21350 | 15540 |13253 | 4905 | 12950 | 13370 | 9140 | 12750 
rn 13575 | 14190 | 13650 | 14460 | 15747 | 10095 | 12050 | 21620 | 10860 | 17250 
21 22.6 | 22 22:8 | 241 | 262 | 168 | 201 36 1 287 
24 19 21 23 23 195 all 19-5 20 au 17 
3108 2006 3330 | 3600 | 4370 | 4300 | 1380 | 5450 | 2810 5350 
2716 | 2620 | 2440 | 2700 | 3470 | 3500 | 1190 | 4420 | 2280 4460 
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The mean temperature-difference was 27°, hence the coefficient of transmission 


C 293,562 


= 06. 5185 x 27 


= 2111. 


The weight of air required for cooling is 





293,562 
De IE 123,600 kilos. 
The volume V, = in = 100,000 cub. m. (approximately), ö.e., 28 cub. m. 


per sec. If the air meets the apparatus obliquely, the velocity would be about 
1'2 m., and the calculated coefficient would be 


kı=2 +18 N12 = 2. 


2. A chimney cooler with 18 plates, 1500 by 4800 mm., having a total wetted 
surface of 259 sq. m., cooled 18,500 litres of water per hour from 39° to 22° C. 
by means of 44,000 cub. m. of air, blown in by a fan (1100 mm. diameter, 300 
revolutions) at 12°5° C. and leaving at 188° C. at the top. The air was saturated 
originally to the extent of 67 per cent. 


From the water are to be taken 
Cr = 18,500(39 — 2)= 314,500 calories. 


1 kilo. of air at 12'5° contains 0'00926 kilo. of water when completely saturated. 
1 a 15. ,:0:0062042% Mi 67°5 per cent. „ 
1, ee rt OA fr ” completely 


Thus, 1 kilo. of air takes up by evaporation, 
0:014 — 0:0062042 = 0:0078 kilo. of water, which requires 4:68 calories. 
1 kilo. of air absorbs in being heated from 12°5° to 

13:87, 63 x 0’2975 = - - - - - - 1496 ,„, 


Total - 66 5 


Accordingly the air takes up 


by evaporation, RL N — 238,307 calories ; 
6°176 
by heating, m — 76'193 calories. 


The velocity of the air was 38m. per sec., the temperature-difference 14° C., 
consequently the observed coefficient of transmission 


PL BER... De 
- Hm 39x14 





kı 23°8. 


The calculated coefficient of transmission is 


k =2 +12 N38 = 2. 
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H. Cooling Air by Water, 


Atmospheric air always contains more or less moisture in the 
form of vapour. The maximum amount of vapour in 1 cub. m. of 
air is equal to the weight of 1 cub. m. of saturated vapour at the 
temperature of the air. If air which contains much moisture is 
considerably cooled, it generally reaches a condition in which it can 
contain only a smaller weight of vapour, and consequently the excess 
of vapour must separate, ?.e., be condensed.! 

Thus, if a certain volume of air is to be artificially cooled in a 
certain time, it is necessary to take from it as much heat as is 
required: 


1. To cool the dry air itself. 
2. To condense the vapour which must be separated. 
Let L = weight of air to be cooled, 


o, = its specific heat = 0'2375, 

t,. = \ts temperature before cooling (at the beginning), 

ti. = En after $ (at the end), 

d, = the weight of vapour in 1 kilo. of air before cooling, 
d, = „ after 


c = the total heat of 1 kilo. of vapour. 
Then in order to cool the air from t,, to t, it is necessary to abstract 
the following amount of heat :— 


© = Loft, - bu) + L(d, - d,)(c - b.). 


In atmospherie air there is rarely more than 95 per cent. of the 
maximum quantity of vapour possible, generally there is considerably 
less. Even when moist air is strongly cooled, so that it deposits 
water, it does not remain saturated with vapour. 

If we assume that the atmospherie air is saturated to the extent 
of 80 per cent., and also that its degree of saturation is 80 per cent. 
alter cooling through a certain range of temperature, then the above 
equation gives, for cooling 100 cub. m. of air, the quantities of heat 
which are arranged in the table on the next page. 


! See Hausbrand, Drying by Means of Steam and Air (Scott, Greenwood & Co,, 
London), for amount of vapour in air at different temperatures. 
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Original temperature of the air, t,.. 





50° | 25° | 20° | 15° | 10 

Weight of 1 cub. m. of this air, in 
kilos., when saturated with mois- | 
ture to the extent of 80 per cent. 











1.1412 1:1630 288 1'2154 1,2408} 





be cooled, t}.. 


Weight of the moisture, d,, in kilos. 
in 1 cub. m. of this air. 


the cooled air, d.. 





0:0244 0:018490:011123 0:01041 0.0076 
a | _— e 





Temperature to which the air is to 
Weight of vapour in 1 cub. m. of 


Number of calories necessary to cool f 
100 cub. m. of this air. 


o 
& 
au 
2. 
[e} 





25° | 0:018491 Cals. for cooling the air 133 
„ condensing vapour | 373 


Total 506 





. for cooling the air 265 
‚„ eondensing vapour | 824 


Total 1089 





. for cooling the air 398 
„ eondensing vapour | 875 


Akoya a7 





. for cooling the air 530 
„ condensing vapour | 1060 


Total $ 1590 ) 





5° 10:0056 | Cals. for cooling the air 663 
„ eondensing vapour | 1198 


Total | 1861 

















The necessary quantity of cooling water depends on its initial and 
final ternperatures, ti, and £,, it is 


The cooling surface, for the cooling of definite quantities of air, is. 
obtained from the ordinary equation: 


De 1 
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TABLE 71. 


The temperature difference, 6,,, consumption of cooling water, W, and 
the necessary surface, H,, of water in rapid motion, in order to 
cool hourly 100 cub. m. of air, which flows with the velocity, 
v%, = 1 m., from 30°-10° C. down to 25°-5°C. 























3 © Initial temp. of the air, f.. 
S |# IMean temp.dif. - @, 
BE. | | 
& 8 Consumption of cool- 30° 95° 90° | 15° 10° 
= gS®8| ingwaterr - - - W | | 
Sal ER 
2 = Ei Cooling surface - - Hx:| Final temp. of the cooling water, t,. 
© e 5 S Forv;,=1landmetalwalls.[ | -: 
2021 152 | 152 | 152 | 127,92 1022753 
bie ba 
25 | 15° el = | Sl | | |) 



































If the velocity of the air is greater than 1 m. per sec., viz., 
171722732 ]742 19 1000 
the surfaces of direct contact with the rapidly moving cooling water, H,, required 
to cool 100 eub. m. per hour, are obtained by multiplying the figures in the above 
Table by 1 [0:73 0:60 10:53 | 0:48 | 0-44 
If the air flows past a cooled metallic surface, its necessary superficies is ob- 
tained by multiplying the above surfaces H;, by 


166 |1'06 | 1:04 | 0-90 | 0-82] 0:75 
2 
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The eoefficient of transmission of heat, k,, in this equation may be 
assumed to be: 
1. When the cooling surfaces are metallic walls, 


Era re 


2. When the cooling surface consists of moving and rapidly 
changing surfaces of water, jets or drops. 


Kal a. 2 se 


The mean temperature difference is obtained from the initial and 
final differences in temperature between air and cooling water, and 
must be calculated in the usual manner for each case by means of 
Chapter I., Table 1. 





CHAPTER XXIIl. 


THE VOLUMES TO BE EXHAUSTED FROM CONDENSERS BY THE 
AIR-PUMPS. 


A. General. 


Is this chapter we proceed to determine the volume of gas and 
vapour which the air-pump must exhaust from any condenser, 
whence the dimensions of the pump are obtained. 

The air and incondensible gases which obtain admittance to the 
condenser are derived from: 

1. The liquid to be evaporated. 

2. The injected cooling water. 

3. Leaks in the apparatus and pipes, which are rarely entirely 
absent. 

The volume of air, introduced into the condenser by each of these 
sources separately, is seldom to be ascertained in any particular case. 
It is therefore necessary to be content with an approximate estimate 
of the total quantity of air introduced in all three ways and after- 
wards to be removed. It is usual to express this total quantity of 
air as a fraction of the injected water. Although there are certain 
connections between the quantity of the cooling water and that of the 
air to be exhausted, yet the latter is certainly not directly proportional 
to the quantity of cooling water, If we however assume such a 
proportionality, as is the custom, it is done because only in this 
manner is a basis for our considerations to be found. It will of 
course be permissible to modify or specialise for particular conditions 
the assumptions here made. 

In view of the large volumes of gas which cold water can contain 
(97 volumes per cent. of carbonic acid at 17° C., 15,200 per cent. of 
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sulphurous acid at 14° C., 326 per cent. of sulphuretted hydrogen at 
146°, 73,700 per cent. of ammonia at 1414) it is necessary to assume 
that the injected water used for condensation may frequently contain 
considerable quantities of gases. 

On the other hand, it is usual to assume (after Bunsen, Gaso- 
metrische Methoden, 1857) that rain water and most spring waters 
contain about 2:5 volumes per cent. of atmospheric air. Springs are 
known the water of which contains 12 volumes of gas per cent. 

The liquids to be evaporated also contain very variable, and often 
considerable, quantities of gases, especially ammonia. In this case 
also 2:5 per cent. may be taken as the average. 

Finally, the leakages in the apparatus and pipes are to be con- 
sidered. We assume that the quantity of air entering through 
faulty joints, cracked glasses and defective metallic connections, is 
equal to 10 volumes per cent. of the cooling water employed. 

Thus the air introduced into the condenser is 25 +25 +10=15 
volumes per cent. of the cooling water. For safety, and in order to 
allow for the possible presence of other gases than air in the cooling 
water, this number will be still further increased. We shall assume 
that incondensible gases to the extent of about 20 volumes per cent. 
of the cooling water are carried into the condenser, i.e., that for every 
1000 litres of cooling water 200 litres of air (and other gases) enter 
the condenser. 

Now 1 eub. m. of air under atmospherie pressure at 0° C. weighs. 
1'294 kilo. and at 15° C. 1-2266 kilo., thus 200 litres of air weigh 
about 0:25 kilo. ; therefore we shall take as the basis of the following 
caleulation the assumption that, for every 1000 litres of cooling water, 
0:25 kilo. of air is introduced into the condenser and must be pumped 
out. 


Die=-4 
From equation (176), W = De 


DE ni and Table 41, we know the 
quantity of cooling water required in each case; therefore we can at 
once find, on the basis of the above somewhat arbitrary but suf- 
ficient assumption, the weight of air to be exhausted from the 
condenser. 

The so-called wet and dry air-pumps must now be considered 
separately. 
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B. The Volume of Air to be exhausted from Wet Jet- 
Condensers, 


Bya “ wet” air-pump is understood a pump which, together with 
the air, takes in the whole of the water from the condenser and 
forces it away. 

The air to be removed from the condenser is invariably mixed 
with vapour at the same temperature as the air. The common tem- 
perature of the air and vapour depends on that of the water with 
which they were last in contact. In wet condensers the mixture of 
air and vapour remains together with the quite warm water to be 
-drawn off (formed from the injected water and the condensed steam), 
and goes with it into the pump. It has therefore almost the same 
temperature as the water. In counter-current condensers the air is 
last in contact with cold injected water, which has just entered, and 
thus is cold when it reaches the air-pump. 

A wet condenser can be so arranged that the air-pump exhausts 
the warm water from the bottom and the air, which is then cold, 
because it was last in contact with the injected water, ab the top. 
The cold air, however, then enters the pump along with the warm 
water, and is rapidly heated by it and the vapours rising from it, 
since its weight is small in proportion to that of the water. The 
final condition between air and vapour is thus also in this case quite 
similar to the ordinary condition in which air and water are taken 
off together, although. not quite the same. The vapour, which is 
mixed with the air, has always the temperature of the waste water 
in wet condensers, consequently the pressure it exerts is the greater 
the warmer the water which flows away. The pressure of the air 
(and thus its weight per cub. m.), which, together with the pressure 
of the vapour, gives the total pressure, is the greater the colder the 
water exhausted by the pump. 

The volume of the air depends on its pressure (which is only a 
portion of the total pressure in the condenser) and its temperature ; 
it may be calculated as was done in Chapter XX., 9, and in Table 47. 

Let W = the weight of injected water. 

L = the weight of air in the water. On our assumption 
0:25 
1000 
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V,. = the volume of air in cub. m., which is to be exhausted 
from the wet condenser, V,from the dry condenser, 
and V,, from the surface condenser. 

@, = the volume of 1 kilo, of air in cub. m. 

yı = the weight of 1 cub. m. of air in kilos. 

p = the pressure of the atmosphere in kilos. per sq. m. = 
10,336 kilos. 

t, = the temperature of the waste water. 

a = the coefficient of expansion of air = 0'003665. 

= the pressure of the air in the condenser in mm. of 

mercury. 


T = the absolute temperature, T = a +4,= 273 + 16.. 
a 


By the laws of Mariotte and Gay Lussac — = R, a constant, 


which for air is 2997. 
Thus 1 kilo. of air has the volume 
us a am ara 
and Z kilos. of air have the volume 


Ver klogar I re 


For a pressure, which is „1 of the atmospheric when measured 


in mm. of mercury, the volume of the L kilos. of air is 





ee De (258) 
or, inserting the numerical values, 
W0'25(273 + 1.)29’27 x 760 9, W273 + t,) 
V„= 1000pb = 0'853 ee (259) 


In the case of every evaporator the weight of steam passed into 
‚the condenser, which is equal to the weight of water to be evaporated, 
is given. The weight of the injected water, W, then follows by means 
‘of equation (176) and Table 41, if its initial and final temperatures 
are known. Both these temperatures may be given under certain 
cireumstances, but under others they must be assumed after examin- 
ingthe case. From the weight of the injected water there follows, on 
our hypothesis, the weight of the air introduced into the condenser. 
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The vacuum, or, what is the same thing, the absolute pressure in 
the eondenser, can generally be fixed as desired. It will naturally 
be endeavoured to reach the highest possible vacuum, .e., the lowest 
possible pressure. % 

The volume of air to be exhausted is obtained at once, from its 
known weight and the vacuum deeided upon, by equation (200) and 
Table 47. 


Example. —Water at {„ = 10° C. is at disposal to condense 100 kilos. of steam ; 
it is to flow away at f, = 40°C. The vacuum is to be 680 mm., i.e., the absolute 
pressure is to be 760 - 680 = 80 mm. By Chapter XX., Table 41, the injected 
water is then W = 1960 kilos.; the tension of the vapour is 549 mm. at 40° C., 
and since the total pressure is SO mm., the pressure of the air, b = 80 — 549 = 251 
mm. All the necessary figures for calculating out the equations are now given. 
RT = 0484 Kilo, 

The volume of 1 kilo. of air at 40° C. and 25'1 mm. pressure is, by Table 47, 
a; = 27,020 litres. Consequently the volume of 0'484 kilo, of air is (for 100 kilos. 
of steam) 


The weight of theair L = 


Ym = Laı = 0'484 x 27,020 = 13,070 litres. 
The wet air-pump has therefore to remove, in the condensation of 100 kilos. of 
steam, 1960 kilos. of water + 100 kilos. from steam and 13,070 litres of air, in all 
15,130 litres. 

In Table 72 are given the quantities of injected water and the 
volumes of air, which must be exhausted by wet air-pumps, for 
vacua of 600-740 mm., for initial temperatures of the cooling water 
of t, = 5°-35° C., and final temperatures of t, = 10°-50°C. 

If the injected water and the liquid to be evaporated con- 
tain more or less air and gases, and the apparatus is more or less 
air-tight than we have assumed, the volume of air given in Table 
72 must be increased or diminished in proportion to the altered cir- 
cumstances. The figures in the table are determined for actual use, 
and for most cases are to be regarded as abundant. But if the water 
employed contains, e.g., not 20 per cent. (by volume), but 15 per cent. 
of gases, the volume of air to be exhausted is 43 of that given in Table 72. 

Table 72 not only gives the actual quantities of water and air to be 
exhausted, it also shows that for any determined vacuum and any 
temperature of the injected water there is a defimite most favourable 
‚temperature for the waste water, at which the volume of air to be 
exhausted is least. The reason for this is, that the higher the tem- 
perature of the waste water the less water is required, and consequently 
the less air is introduced into the condenser ; but the warmer the waste 
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TABLH 72; 


cooling water required, and the volume of air to be exhausted, in 
litres, for the evaporation of 100 kilos. of water at vacua of 
600-740 mm., with the cooling water at initial temperatures of 
ti, = 5°-30° C., and at final temperatures of t, = 10°-50° C., for 
wet jet-condensers. 


Cooling water. 





Absolute pressure. 


oa Tersperature. 

> Total heat. 
Initial 
temperature. 
Final 
temperature. 
Weight, W. 
Pressure. 


Litres. 








160 12484 
6451 
4496 
3541 
3032 
2778 
2690* 
3035 
3284 

12902 
6744 
4721 
3789 
3328 
3137* 
3524 
3696 

13527 
7081 
5051 
4162 
3844 
3743* 
4952 | 

14163 
7587 
5543 
4706 
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TABLE 72—(continued). 





Steam. Cooling water. Air. 





Absolute pressure. 


temperature. 
temperature 
Weight, W. 


Total heat. 
Final 
Pressure. 
Weight. 
Volume, 


Vacuum. 


kilos. mm. | kilos. Litres, 


[eo] 
oa Temperature. 





» Initial 


o 
— 








23201 88:61 | 0-580 | 4495* 
50 | 1917| 68:02 | 0.479 | 4924 
25 | 30 | 11900 | 128-45 | 2-975 | 15155 
35 ı 59001 11817 | 1475 8319 
40 | 3900| 105.1 | 0975| 6974 
45 ı 2900| 88:61 | 0:725 6061 
50 | 2300| 68:02 | 0575| 5911 
30 | 35 | 11800 | 118-17 | 2-950 | 16638 
Y 54 | 5850| 1051 | 1'463 9414 
45 ı 3866 | 88:61 | 0-967| 8080 
| 50 | 2875| 68:02 | 0-719| 7389%* 
35 | 40 I11700| 105:1 | 2:925 | 18899 
R % R x 45 | 5800| 88:61 | 1450 | 12122* 
620 | 140 [58-5 | 624 | 5 | 10 | 12280 | 130-8 | 3-070 | 14346 
15 | 60901 1273 | 1522 7314 
20 | 4026 | 122-61 | 1006| 5191 
25 | 29950 | 11645 | 0-749| 4143 
30 | 2376| 10845 | 0-594| 3588 
85 | 19631 98:17 | 0-491 3331 
40 | 1669] 85:1 | 0-417|. 3319* 
45 | 1448| 68:61 | 0-362 | 3594 
50 | 1276| 48:02 | 0-319 | +» 4645 
10 | 15 | 12180 | 127-3 | 3-045 | 14634 
20 | 60401 1922-61 | 1510 7792 
25 | 3993 | 11645 | 0998 | 5520 
30 | 2970| 10845 | 0:743 4485 
s 35 | 23561 9817| 0-589| 3996 
x ® Ri a „|40 | 1947| 851 | 0487| 3868* 
45 | 1683| 68°61 | 0-421 4180 
E * Y # „150 | 1435| 4802| 0359| 5927 
® 3 Ki „ 1 15| 20 |12080 | 1322-61 | 3-020 | 15568 
5 ” £; 5 „125 ı 59901 11645 | 1498| 8291 
c ” RR 5 „30 | 3960 | 108-45 | 0-990 | 5980 
I, i E * „1835 | 2945| 9817| 0736 |. 5053 
), ” a R „|, 40 | 23361 851 | 0.584 | 4638* 
5 ni 1 & „145 | 19301 68-61 | 0-483 4834 


hl nl 


en) 
=) 
oO 
m 
er 
=) 
er) 
EC INES zer Ist leR 
or 
en) 
DO 
Or 
io 
oO 
HF 
Or 
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TABLE 72—(continued). 


Cooling water. 








Absolute pressure. 


Vacuum. 
Total heat. 
temperature. 
Final 
temperature. 
Pressure. 
Volume. 


Initial 
“ Weight, W. 


mm. mm. 


a Temperature. 





Litres. 


8 











620 5 5970 
e Ä 16565 
„ & 8969 
» : 6662 
” | b 5798* 
„ | "6 5802 
| 48 6960 
» 17939 
„ 9991 
2 | 85 7727 
» | | 7168* 
„ N | 8357 
„» r 19982 
» ’ 9581* 
„ | i 10447 
j | 85 23191 | 

| 14377 * 

640 | 110.8 | 16908 
„ . sell 
„ ; 6205 
„ 5 5014 
„ 2 z 4390 
s | | 4171* 
„ AL: 70 4280 
„ z 5105 
„ / | | |. 7956 
” | f | 17632 
» | | | 9310 
„ | F 6675 
» | | a 5488 
„ | € ß 5005* 
„ 5061 
„ | | 5937 
„ | . 8957 
h | 12060 | 102-61 18618 
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TABLE 72—(continued). 














Steam. Cooling water. 

















































Vacuum. 
Total heat. 
Initial 
temperature. 
temperature. 
Pressure. 





B 
5 Absolute pressure. 
oa Temperature. 


ER 
5 Weight, W. 





Litres. 


S 














55 | 623 115 | 25 | 5980 | 96-45 | 1495 9990 
30 | 3953 | 88°45 | 0'988 7316 
35 | 29401 7817| 0735 6262 
40 | 23321] 65°1 | 0'583 6085 * 
45 | 1927| 48:61 | 0'482 8599 
„ \, 50 | 16371 28:02 | 0409 | 10233 
20 |, 25 | 11960 I 96-45 | 2:990 | 21979 
30 | 5930 | 88:45 | 1'482 | 10971 
35 | 3920 | 78:17 | 0'980 7342* 
40 | 29151 651 | 0'729 7592 
45 | 2312| 48:61 | 0578 8167 
5 ” „ ., 80 | .1910 I 28:02 | 0:478| 11959 
„1 » 125! 3011860 | 88-45 | 2-965 | 21950 
. = „| 805 | 8880|. 78:17 | 10, 258 
„| 40 | 38571 651 | 0972 |, 10122* 
45 | 2890| 48:61 | 0723 | 10213 
% % „| 90 | 22921 2802| 0:573| 12856 
4 „ 1930| 85 | 117607 78:17 | 2:940) 95055 
e ei „,40 | 5830] 651 | 1458, 18184 
g; “ „, 45 | 38541 48:61 | 0'964 | 13620* 
„ e „1501| 2865| 2802| 0716 |. 17914 
gs „ [85 | 40 | 11660 | 65-1; | 2915), 80357 
„1, | 45 | 5780| 48-61 | 1-445 | 20497* 
82 | 622 | 5 | 10 |12240 | 90:8 | 3:060 | 20869 
Rn N, „| 15.) 6070| 87:3 | 1:518:), 10823 
„ „ „| 20 ı 4013| 82:61 | 1'003 | 7692 
„ „ „1258 | 2985| 7645 | 0746 | 6284 
„ „ „| 88 | 19571 5817| 0489| 5599* 
» I »:1, | 40 | 1668| 451 | 0416|, 6982 
„ 5 „145 | 1443| 2861| 0-361 | 8718 
„ y = 100 8:02 | 0:318 | 28458 
Y% e 10 | 15 | 12140 | 873 | 3-035 |. 21640 
4 e „| 20 | 6020| 82-61 | 1505 |. 11543 
y, „ „|25 | 3980| 7645 | 0995 | 8382 
7091 
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TABLE 72—(continued). 


Steam. Cooling water. 





Vacuum. 

Absolute pressure. 
temperature. 
temperature. 
Weight, W. 


Initial 
Pressure. 
Volume 


© 
Eat 
= 
-_ 
5 
air 
I) 
=, 
= 
© 
H 


mm. | mm. Litres. 











660 | 100 | 52 | 622 | 10 | 35 | 2348| 5817 | 0'587 6721* 
ae ur m hr „40 | 1940| 451 | 0'485 7265 
" 5 e T „., 45.1. 1677| 28:61) DET 70 E 
$ R = ” „905 21450 8:02 | 0358 | 31791 
a r > „ 115 | 20 | 12040 1 82:61 | 3:010 | 22966 
„ 2 n 5 „125 I 5970| 7645 | 1'493 | 12578 
5 r Ye e „1830| 39461 6845 | 0987 9462 
” = 7 % „| 835 | 2935| 8817 | 0:734 8403* 

40 | 2328| 45°1 | 0'582 8718 

Y v ;% ° „|i45) 19231. 2861| 0487), Bet 

” e a y5 „\ 80 | 1634 8:02 | 0:409 | 36555 

20 | 25 | 11940 | 7645 | 2:985 | 25164 

30 | 59205 6845 | 1'480 | 14181 

u # = = „1835| 8913] 817 0 2 

ee 4 ss; 53 „|, 40| 2910] 451 | 07237 Ze 

” ei = a „| 45 | 2308| 2861 | 0'577 | 13715 

3 E Y es =..50.| 17907 8:02 | 0:477 | 42687 

> a * „125 | 30 ı 11840 | 68-45 | 2960 | 28364 

jr 5 " 53 „| 835 | 58701 5817 | 1'468 | 16803 

hr r % > „40 | 3880| 451 | 0'970 | 14331* 

F R m = „),4| 2888] 2861] DIE a2 

be si nr k5 100) 2288 8:02 | 0:572 | 51188 

33 34 re „1830| 35 | 11740 | 5817| 2'935 |. 33306 

40 | 58201 45:1 | 1'455 | 21796* 
” Rn rn % „| 45 | 3847| 28:61 | 0:962 | 23232 
„ " h # „| 90 | 2860 8:02 | 0715 | 63965 
45 „ > „135 | 40 | 11640] 45:1 | 2910 | 43592 
F . m e „45 | 5770| 2861 | 1'443 | 34836* 

680 | 80 | 48 | 621 | 5 | 10 | 12220] 70:8 | 3:073 | 24759 
es ' Ri 5 „1I15| 6060| 673 | 1515|. 14053 
+ Ri r PA „| 20 | 4006 | 62:61 | 1001 | 10150 
“ T * 7 „125 | 2980| 5645 | 0745 8508 
Pr ° „> m „80 | 2364| 4845 | 0591 6961* 
MR ” : ” „1835 | 1453| 38:17 | 0'488 8535 

„140| 1660| 2511| 045, 12176 

” n' ri ” „45 | 1440 8:61 | 0:360 | 29635 
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TABLE 72—(continued). 
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R Cooling water. Air. 
© 
> er 
S = _ a er: 3 S = 
ei=ı2 |. jases # er = 
mm. | mm @ c. kilos. mm. kilos. Litres. 
680 A Deal Dr 50 19 ei 2 
er 5 Pr 10 | 15 12120 | 673 | 3:030 | 28106 
= m ® „120 | 6010| 62:61. 15021, 19250 
” „ „ „ 25 3970 86°45 0:993 | 11334 
3% 3 4 „830 | 2955| 48-45 | 0739 9952* 
» „ „| » | 35 | 2344| 38-17 | 0:586 | 109249 
„ „ „ „ 40 1937 251 0484 13070 
” „ ” „ 45 1674 j 8:61 0'419 44493 
A % iy 15. 20 | 1202011 62:61 | 3:005°/ 830501 
„ „ „ „ 25 5960 56-45 1'490 17016 
„ „ „ „ 30 3940 48:45 | 0'985 18337 
» „ » „| 89% | 2930| 3817 | 0732, P600E 
„ „ „ „ 40 2324 29.1 0581 15646 
„ . pe „ 1202) 12920 8:61 | 0480 | 39513 
„ » „ 1201| 25 | 11920 | 5645 | 2:980 | 34034 
IE) „ „ => 30 | 5910 48-45 1478 | 19909 
” ” „ DE) 3) | 3903 38:17 0976 17070* 
„ „ „ „140 | 2905| 251 | 0726 | 19602 
„ „„ „ „ 45 2304 8-61 0'576 47992 
„ y) ri 25 | 30 11820 | 4845 |. 2-960 | 39804 
„ 5 e „180 | 88601 8817| 1.465 | 25623* 
„ „ „ 5) 40 | 3877 2a. 0:969 I. 26102 
2) » »» „45 | 2880 8-61 | 0:720 | 59270 
„ » „ 30 | 35 | 11720 | 38:17 | 2:930 |. 51246 
» » » „140 | 58101 251 |1-453 | 39116* 
» y e „| 45 | 3840 8:61 | 0'996 | 79027 
„ » „ 35 | 40 111620 | 251 | 2905 | 78234* 
„ „ 2) PR) 45 | 5760 861 | 1440 | 118541 
700 221619 | 5.) 10 112180 | 50:8 | 3045. 36723 
» » „» „| 15 | 60401 473 | 1'510 | 17818 
» „ 3, „120 | 3993| 42°61 | 0:998 |. 14870 
» »» „„ „125 | 29701 36°45 | 0'743 |. 13166* 
» ” ve „)! 830 | 23561 2845 | 0:589 | 13641 
„ ” ” ” 30 | 1947 18'17 0'487 17946 
”» „ „ FF) 40 1654 51 0414 51936 
» , r 10 | 15 473 | 3'020 | 37616 


Be 
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TABLE 72—(continued). 





























5 Steam. Cooling water. Air. 
= 
a = Pr S SE 
Sue Eee er s P p 
2 = a so 5% ee 5 3 = 
s = | =: [|E28:2% ®#% 2 E = 
eI\=|j&|2 |asäs E ie - S 
mm. I mm. I °C. c. 1” b kilos mm. kilos. Litres. 
700 | 60 44 619 1 10 | 20 | 5990 | 42:61 | 1498| 22320 
„ „ „ „ „ 25 3960 3645 0.990 17548 
„ „ „» „» „| 830 | 2945| 2845 | 0736 | 17046* 
„ „ „ „ PR) 30: | ı 2880 18:17 0:584 231520 
„ „ „ „ PB) 40 | 1930 9} 0483 60520 
„ r e 5 15 | 20 | 11980 | 42:61 | 2:995 | 44495 
„ „ „ „ „ ı 25 | 5940 36°45 | 1'485 26314 
„ ”„ „ „ | 30 3927 28-45 0'982 923743* 
7 a4 6 2 ».) 85 | 29201 1817] 07301 27500 
”„ „ „ „ „| 40 2316 Dal 0579 77169 
” ” P 3 20 | 25 | 11880 | 36-45 | 2:970 | 52628 
„ „ „ E) Se 30 | 5890 28°45 1473 34115* 
” ’ „ „ „> 3 | 3893 18T 0'976 35965 
„» »» „» „ „| 40 | 2895 51 | 0724 | 90826 
u „ y ” „1.835 | 58401 1817| 1'460 | 53801* 
„ „ ” „ „» 40 3860 Sl 0'965 121059 
7 re I oe 30 | 35 | 116801 1817| 29207 1076028 
” „ „ „ „ 40 5790 a | 1448 181640 
re Re a; 3 35 | 40 | 11580 51 | 2895 | 363177. 
710 | 50 38 | 6181 5 | 10 | 121601 40-8 | 3:040 | 45661 
„» „ » „ „115 | 6059] 873 | 7608] 253 
„ „ ‚2 „ „ 20 3986 3251 0:997 18474 
„ „ „ „ „ 25 2965 2645 0741 18147* 
„ „ a „180 | 23521 1845| 0'588] 20997 
„ y ei 80.9 8:17 | 0'486 ı 40780 
„ 4 a 10| 15 | 12060] 373:] 301577 Zus: 
ls In] 1.) 20 | 8980. 89:61) Teaser 
» ) ER: „| 25 | 3953|] 2645 | 0:988 | 24460* 
„ „ „ „ y> 30 2940 1845 | 0788 26247 
„ „ 2, „135 |. 2332 817 | 0:583 | 48920 
» y „ 7 15 | 20 | 11960 | 32-61 | 2-990 |. 58375 
y „ „ „ ” 25 | 59301 2645 | 1483 | 36322 
„ „ „ y» | 30 3920 18°45 | 0'980 35106* 
„ „ „ „ „y | 35 2915 817 0729 51268 
20 26:45 | 2°965 |. 730183 
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TapıE 72—(continued). 









Steam. Cooling water. 





5) 
- 
3 
un 
3 & < : 
Z, =\ . 2 2 N” 
IE, = = = _ E 
© er od SE = e [) . 
3.6 5 R= Er = 5 3 E = 
- FED {eb} Be > -— m! 
° a Z Seen &n e &0 3 
17] {= 8 Bl are en 2 en Be 
Do A - Aalaag © oO (eP) 3 
{eb} © | D u {%5) > Ku >> r 
= H H He’RBo| > jet! > > 
nm 20, c Te t kilos. mm. kilos. Litres. 














50 38 , 618 | 20 | 30 | 5880| 18:45 | 1'470 | 52494* 
358 | 83887 817 | 0:972 | 81544 
25 | 30 | 11760 | 18.45 | 2:940 | 104587* 
35 | 5830 8:17 | 1'458 | 122341 
3 5 30 | 35 | 11660 8:17 | 2:915 | 244597 
40 134°:5 | 617 | 5 | 10 | 12140 | 308 | 3:035 | 60457 
15 | 6020| 27:3 ı 1'505 | 34404 
20 | 3980 I 22:61 | 0:995 | 27108* 
25 | 2960| 1645 | 0740 28986 
30 | 2348 8:45 | 0:587 | 46937 
10 | 15 |12040 | 273 | 3'010 | 68809 
20 | 59701 22:61 | 1493| 49312 
25 | 3946 | 16°45 | 0:987 | 38641* 
„| 830 ı 2935 8:45 | 0734 | 58690 
r > hr 15 | 20 | 11940 | 22-61 | 2-985 | 84565 
25 | 5920 | 16-45 | 1480 | 58134* 
80. 391 8:45 | 0:978 | 79472 
” 3 r 20 | 25 | 11840 | 16°45 | 2°960 | 116269 
* ; = 1.800 9870 8:45 | 1'468 | 117541 
y PB 3 25 | 30 | 11740 8:45 | 2:935 | 234682 
30 29 | 615 | 5 | 10 | 12110 | 208 | 3:028 | 89599 
5, 5 „| 15 |, 60001 17:3 | 150017 52080 
„ Me er „1 20 | 3966| 12:61 | 0991| 50174* 
3» „ 3 „| 25 | 2950 6°45 | 0738 | 123277 
jy " er 10| 15 112000 | 17:3 | 3°:000 | 108180 
„ j% " „| 20 | 5901 12:61 | 1488| 75397% 
» „ Br 7 20 | 8989 645 | 0:983 | 100065 
» » 7 5 15 | 20 |11900 | 12:61 | 2:975 | 147709 
„ „ „ „» S 25 5900 6:45 1'475 150553 








„„ »» „» „1 20| 25 | 11800 6:45 | 2:950 | 300605 
740 | 20 20) 61315: | 10: 12060 | 10:8 | 3018) 1218 
» „ hö ” lo DISU 73 | 1'495 | 128929* 
„ „ „ „ 29 20 3950 9-61 0985 179950 
„ „ ” . 108, Lo: 21960 73 | 2'990 | 257858 
„ „ m R „20 | 5930 2:61 | 1'483 | 270858 
„ 37 7 ” 15 | 20 | 11860 2:61 | 2:965 | 541676 
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water, the higher is the vapour pressure over it, and therefore the lower 
is the pressure of the air and the greater its specific volume. 

On the supposition that the weight of air to be exhausted is 
direetly proportional to that of the injected water, this most favour- 
able condition (the exhaustion of the least volume of air), which is 
indicated in Table 72 by an asterisk (*), also occurs at the same 
temperatures of the outflow if the cooling water has a proportion of air 
different to that which we assumed. Unfortunately our supposition 
of the complete proportionality between air and water is not quite 
reliable. In reality, therefore, the most favourable condition fre- 
quently occurs at another temperature, which cannot be determined 
beforehand. It must suffice to know that there is a most favourable 
temperature, which can well be found for apparatus at work. 

Since wet air-pumps must carry off the air in addition to the 
injected water, their dimensions must be so taken that to the volume 
of air to be exhausted, as given in Table 72, is added the injected 
water, W. 


C, The Volume of Air to be Exhausted from Dry Fall-pipe 
Jet-condensers. 


A dry air-pump is one which exhausts the air and uncondensed 
gases from the condenser, but not the water. It takes the air from 
the condenser at the place where the cooling water enters, and thus 
the exhausted air has quite or almost the temperature of this in- 
jected water, t,. 

On our assumption, the weight of air taken from the condenser— 
that to be exhausted by the air-pump—is directly proportional to the 
quantity of the injected water; therefore equation (255) gives here 
also the weight of air: 


W025 
.® —— 1000 . . . . . . . (260) 


Equation (259) is used to determine the volume of air, V,, which the 


dry air-pump has to carry away, with the difference, that instead of, 


inserting the temperature of the waste water, t,, for that of the air, 
that of the entering water, t,, is to be used. 
_ W0:25(273 + 1.)29'27 x 760 : 9, 7 273 + 4,) 
Vu > 100096 nz b (261) 
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Table 73 has been caleulated by means of this equation. In this 
case, as with wet condensers, a larger or smaller proportion of air in 
the injected water increases or diminishes the volume of air to be 
exhausted. 

The chief differences between wet and dry condensers (almost 
entirely to the advantage of the latter) are the following :— 

The temperature of the water from dry (fall-pipe) condensers may 
be higher than from wet condensers, since, as we know, it may 
almost attain the temperature of the vapours passing into the con- 
denser. Dry condensers, therefore, require much less water than 
wet condensers of the same capacity. 

The smaller quantity of water brings a correspondingly smaller 
quantity of air into the apparatus, and, since this air is almost at the 
temperature of the entering cooling water, ö.e., much colder than in the 
wet condenser, the smaller weight of air has also a smaller specific 


‚volume. Also the vapour mixed with the air has a lower temperature, 


and therefore a lower pressure, and there remains a larger fraction of 
the total pressure in the condenser for the air. Thus there is almost 
always a smaller volume of air to be exhausted from a dry condenser. 

Dry air-pumps may run at a greater speed than wet, because they 
have no water to overcome;; for the same reason they may always be 
smaller than wet pumps for the same evaporative capacity. 

Comparing the very different volumes of air to be exhausted in 
the different cases considered in Table 73, the following conelusions 
may be drawn :— 

1. Even with very warm cooling water fairly good vacua many be 
reached by means of dry condensation. Such conditions require only 
much cooling water and large air-pumps. The cooling water is still 
usable when it is only a few degrees cooler than the temperature of the 
evaporating liquid. 

2. The more nearly the temperature of the exchausted air approaches 
to that of the entering cooling water, and that of the waste water to the 
temperature of the evaporatıng liquid, i.e., the more completely the 
cooling water is wtilised, the better is the condensation and the smaller 
may the air-pump be. When the air-pump is only just large enough 
under given conditions, the condensation can never be improved, but 
only made worse, by a larger water supply. 

3. It is very important to take the air quite cold from the condenser. 
The colder the air, the better the vacuum. 
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TABLE 73. 


The econsumption of cooling water and volume of air, in litres, to be 
exhausted, for the condensation of 100 kilos. of steam at vacua of 
600-740 mm. 

Initial temperature of the cooling water, t,, = 5° to 50° C. 
Final f er 
in dry, fall-pipe jet-condensers. 


er „el 0030 














Vacuum, 600 mm. Absolute pressure, 160 mm. 
Temperature, 615° C. Total heat, c = 625 cals. 





Cooling water. 
















Initial Final 
tempera- | tempera- | Weight. 
ture. ture. 


Tempera- 
ture., 






Pressure. | Weight. Volume. 
















kilos. ae mm. kilos. Litres. 




















153°5 0:25 978 
10 1508 ” 1017 














15 147-3 u 1055 
5 1535 | 0285 | 1114 
10 150°8 R 1159 
15 147°3 K 1205 
5 1535 | 0.319 | 1947 
10 1508 $ 1298 






1473 1346 











1508 1115 
15 147°3 5 1156 















20 142-6 j 1210 

10 1508 | 0317 | 1289 

A E 5 15 147-3 3 1338 
ö : - 20 149-6 5 1400 
z 50 1437 10 1508 | 0'359 | 1460 
2 h j 15 1473 . 1515 
142-6 1586 

















15 61'5 1212 147'3 1279 
„ 1 Mr 20 142-6 PR 1338 
» „„ r 25 136°5 F 1430 

dd 1425 15 147'3 0'356 1502 





1572 








142°6 
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TABLE 73—(continued). 








Vacuum, 600 mm. Absolute pressure, 160 mm. 
Temperature, 615° C. Total heat, ce = 625 cals. 
Cooling water. Air. 





Initial Final | 











tempera- | tempera- | Weight. eg Pressure. | Weight. | Volume. 
ture. ture. \ 
ir kilos. hr mm. | kilos. Litres. 
9) 1425 25 1365 | 0'356 1680 
80 1642 15 1473 0-41 1732 
2 4 20 1426 © 1811 
= ar 25 136°5 ” ı 1938 
61°5 1385 20 1426 0'346 1528 
R e 95 1365 R 1633 
R r 30 128-5 e 1776 
59 1629 20 142°6 0407 1798 
% e 25 136°5 “ 1920 
2 , 30 1285 | * 2088 
50 LITT 20 142:6 0'479 2116 
5 25 136°5 r 2259 
x D 30 128-5 4 2449 
61°5 1544 25 136°5 0'386 1831 
b5 N 30 1285 .y 1981 
„ 7 30 1182 a 2173 
55 1900 28 136°5 0'475 2242 
r 2 30 128:5 9 2438 
4 ® 35 1182 5 2674 
50 2300 25 136°5 0'575 2714 
r 30 128°5 & 2953 
” sh 3d 1182 er 3237 
61'5 1772 30 128°5 0.443 2274 
ss 4 35 1182 ” 2494 
, + 40 105-1 n 2856 
5) 2280 30 | 1285 0570 2926 
h R 35 118-2 Ri 3209 
> Mr 40 1051 ” 3675 
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TABLE 73—(continued). 


Vacuum, 600 mm. Absolute pressure, 160 mm. 
Temperature, 61°5°C. Total heat, c = 625 cals. 





Cooling water. Air. 








Initial Final Er 
tempera- | tempera- | Weight. ei “| Pressure. | Weight. | Volume. 
ture. ture. u 


En |  kilos. ns kilos. Litres. 








2875 30 0719 3691 
39 4048 
40 4635 


39 2992 
40 3426 
45 4128 
35 4011 
40 4593 
45 9924 
35 5394 
40 6175 
45 7427 





40 4299 
45 5094 
50 6747 
40 ı 6124 
45 7365 
50 9756 
40 9263 
45 1 11141 
50 14758 














3415 45 6621 
50 8770 
r 55 14262 
5700 45 11047 

“ 50 14634 

E 55 23798 
11500 45 22090 


” 
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TABLE 73—(continued). 


Vacuum, 600 mm. 
Temperature, 61°5°C. 


Absolute pressure, 160 mm. 
Total heat, c = 625 cals. 






































Cooling water. Air. 
iti Final 
es tempera- | Weight. ae Pressure. | Weight. Volume. 

ture. ture. z 

DR: Tas kilos. bar mm. kilos. Litres. 
45 50 11500 50 68 2.875 29526 
# F n 55 495 j 58013 
50 61°5 4895 50 68 1'224 12450 
5; s 5 1575) 42:2 .ö 20300 
a 3 3% 60 12 Br 169500 
Fi 55) 11300 50 68 2:825 29013 

Vacuum, 620 mm. Absolute pressure, 140 mm. 
Temperature, 58°5° C. Total heat, c = 624 cals. 

9) 8'5 1057 d 133°5 0260 1185 
ie n x 10 130-8 R 1215 
„ > , 15 127'3 3“ 1269 
Pe 50 1276 5) 133°5 0'319 1454 
„ 2) „ 10 1308 55 1489 
» „ „ 15 1273 & 1557 
v 45 1447 d 133°5 0'362 1650 
„ „ 2) 10 130°8 55 1692 
„ „ »» 15 127'3 ss 1767 
10 585 1166 10 1308 0:291 1342 
” „ bE) 15 1273 „ 1423 
„ > 2y 20 1226 #5 1505 
8 80 1435 10 1308 0'359 1678 
„ „ g 15 127'3 » 1752 
„ „ „ 20 122°6 S 1856 
j5 45 1654 10 1308 0414 1935 
a " Y 15 127'3 " 2020 
„ I2) „» 20 122-6 2140 














B) 
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Vacuum, 620 mm. 


EVAPORATING AND CONDENSING APPARATUS. 


TABLE 73—(continued). 


Temperature, 585° C. 





Absolute pressure, 140 mm. 
Total heat, c = 624 cals. 














Cooling water. Air. 
Initial Final Tempera- 

tempera- | tempera- | Weight. Ines Pressure. | Weight. Volume. 

ture. ture. i 
ER Das kilos. in: mm. kilos. Litres. 
15 988 1300 15 1273 0'325 1586 
„) „, „) 20 1226 ” 1680 
„ „ „ 25 116°5 2) 1797 
s, 0 1640 15 1273 0'410 2001 
’ u s 90 122-6 5 9120 
„ „ „ 25 116°5 „ 2267 
. 45 1930 15 127'3 0'482 2395 
: R a 20 122-6 . 9495 
E iR A 25 1165 „, 2668 
20 98 1516 20 122-6 0:379 1959 
” „ „ 25 116°5 „ 2094 
„ „ „ 30 108°5 „ 2310 
3 50 1913 20 1226 0:478 2471 
: f x 95 116°5 5 9703 
L, 5 Y 30 108-5 I 92913 
;, 45 2315 20 1226 0'579 2993 
R x j 95 116°5 5 3202 
x se n 30 108:5 E 3529 
25 58 1715 25 116°5 0'429 2372 
B . h 30 108-5 i 9615 
E ä 35 98:2 # 9913 
Pr 0 2296 25 116°5 0574 3174 
hs * ;; 30 108°5 .. 3498 
5 2 E 35 98-2 k 3892 
Pr 45 2895 25 116°5 0724 4004 
" E R 30 108°5 B 4413 
m in 1 ‘35 98:2 e 4908 
30 98 2021 30 108°5 0'505 3078 
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TABLE 73—(continued). 


Vacuum, 620 mm. 
Temperature, 585° C. 


359 


Absolute pressure, 140 mm. 
Total heat, c = 624 cals. 














Cooling water. Air. 

Initial Final Mersnare 

tempera- | tempera- | Weight. nn Pressure. | Weight. Volume. 
ture. ture. - 

Tea Gas kilos. ba: mm. kilos. Litres. 
30 58 2021 35 982 | 0°505 3424 
2: R » 40 85-1 % 4020 
# 90 2870 30 108°5 0'718 4376 
” ” „ 38 98:2 „ 4868 
" E s 40 851 er 58715 
f; 45 3860 30 108°5 0965 9855 
x hr % 35 98-2 Re 6543 
® ” Br 40 85.1 e 7681 
3d 8 2304 35 98-2 0576 3905 
bs ? e 40 85.1 4 4585 
n 7 r 45 68°6 ni OH 
$* 50 3827 35 98:2 0957 6488 
n IN = 40 85.1 a 7618 
4 er n 45 68°6 er 9599 
r 45 9790 35 98-2 1'448 Jo 
„ ” ” 40 851 PR) 11526 
„ „ „ 45 68°6 % 14523 
40 58 3144 40 85.1 0:786 6257 
” IE) „ 45 68°6 > 7834 
» „» 9 50 48 er 11444 
5 50 5740 40 85.1 1'435 11022 
H e ; 45 686 | ,, 14393 
„ m) T 50 48 | er 20893 
r 45 | 11580 40 851 | 2895 23044 
EZ) „ „ 45 68°6 | Fr 239037 
3, 2 4 0 48 ; 493151 
45 98 4354 45 68°6 1:089 10923 
» »» 3» 80 48 er 15856 
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TABLE 73—(continued). 


Vacuum, 620 mm. 
Temperature, 585° C. 


Absolute pressure, 140 mm. 
Total heat, c = 624 cals. 









































Cooling water. Air. 
Initial Final Frida 
tempera- | tempera- , Weight. a % | Pressure. | Weight. , Volume. 
ture. ture. ; 
1 ir kilos. Um mm. kilos. Litres. 
45 58 4354 1975) 225 1'089 34685 
ia 50 11480 45 68°6 2:870 28786 
= x = 80 48 5 41787 
» „ is 50) 225 Bi 91410 
50 58 7075 50 48 1.709 25766 
Vacuum, 640 mm. Absolute pressure, 120 mm. 
Temperature, 55°C. Total heat, ce = 623 cals. 
5 55 1136 5 | 1135 | 0984 1503 
7 „ u, 10 110.8 | 3 1568 
5 z # 15 1078 | 1647 
” 50 1251 d 1185 |'0'318 1656 
r r 10 1108 Br 1728 
46 “ F 15 1073 3 1815 
er 45 1445 d 113°5 03615 1924 
” 5 P5 10 1108 Br 1995 
n „ " 15 107'3 # 2096 
10 95) 1262 10 110'8 0'315 1739 
n % % 15 1078.17 5 1828 
Re r a 20 102°6 e 1943 
Pr 50 1432 10 110'8 0'358 1976 
„ 7 5 15 1073 Br 2076 
re o IR 20 1026 „ 2209 
RR 45 1651 u 1108 0'413 2280 
„ „ 1 15 107'3 ” 2395 
20 1026 ’ 2548 
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TABLE 73—(continued). 
































Vacuum, 640 mm. Absolute pressure, 120 mm. 
Temperature, 55°C. Total heat, c = 623 cals. 
Cooling water. Air. 
Initial Final | 
tempera- | tempera- | Weight. re Pressure. | Weight. Volume. 
ture. ture. i 

Der kilos. fer mm. kilos. Litres. 

15 107'3 0355 2004 

20 102-6 3 23190 

25 96°5 3 2382 

15 1072 | 0'409 2372 

20 1026 r 2524 

25 96°5 > 2732 

15 1072 0'482 2796 

20 1026 | ,„ 2974 

25 965 | 3218 

20 1026 | 0'406 2505 

25 908 | R 2712 

30 835 | 5 3039 

20 1026 0'480 2962 

25 965 | > 3206 

30 885 | „ 3593 

20 102365 | 0578 3566 

25 969 | 3861 

30 88°5 | 5 4326 

25 96°5 0'473 3160 

30 8835 | , 3540 

35 132 | R 4026 

25 965 1" 00783 3828 

30 88:5 Re 4289 

3d 78°2 n 4877 

25 96°5 07223 4824 

30 885 ” 5408 

3 78°2 n 6150 

30 88:5 0568 4241 
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TABLE 73—(continued). 


Vacuum, 640 mm. 
Temperature, 55°C. 





Absolute pressure, 120 mm. 
Total heat, c = 623 cals. 











Cooling water. Air. 
Initial Final a 

tempera- | tempera- | Weight. ea “ | Pressure. | Weight. | Volume. 

ture. ture. i 
10: Ua: kilos. Inge mm. kilos. Litres. 
30 915) 2272 39 782 0568 4766 
„ ” 40 65.1 % 5927 
di 80 2865 30 88:5 0'716 5359 
„ „ „ 39 782 AN 6094 
is “ , 40 65.1 \ 7471 
re 45 3833 30 88:5 0'956 7156 
* e 3 35 782 a 8137 
r P „ 40 65-1 si 9976 
35 579) 2840 3) 782 0710 6043 
2) 7 Jh) 40 65.1 „ 7409 
: R r 45 48:6 5 10039 
u 50 3820 35 782 0'955 8128 
” " $ 40 65.1 a 9965 
R 3, 7 45 48°6 “ 13504 
a 45 9780 3) 782 1'445 12298 
. R y» 40 651 n 15079 
„» „ „ 45 48°6 a 20342 
40 575) 3737 40 65.1 0'947 9882 
2 5 ” 45 48°6 2 13391 
” r ;s 50 28 S% 22018 
hy 50 5730 46 65.1 1'432 14943 
„ „ ns 45 48:6 ii 20248 
» „ y» 50 28 65 33294 
Ar 45 11560 40 65:1 2:89 30157 
> ® , 45 48:6 Rn 40685 
; 5 AN 50 28 2 67193 
45 dd 5680 45 48°6 1'420 20779 
er 50 28 39684 
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TABLE 73—(continued). 





























Vacuum, 640 mm. Absolute pressure, 120 mm. 
Temperature, 55°C. Total heat, c = 623 cals. 
Cooling water. Air. 
Initial Final 
ee ke Weight. Be Pressure. | Weight. | Volume. 
ture. ture. " 
Des er kilos. Dras mm. kilos. Litres. 
45 15)5) 5680 59 25 | 1.420 295360 
ze 50 11460 45 486 | 2:865 40511 
ee : 53 28 | 5; T1g9R 
» „» „» 1579) 25 | R 595920 
50 55 |11360 | 30 28 | 2840 | 71369 
Vacuum, 660 mm. Absolute pressure, 100 mm. 
Temperature, 52° C. Total heat, c = 622 cals. 
d 92 1213 5 93:9 0:303 1947 
„ „ „ 10 90-8 i 1865 
2 , e 15 87:3 5# 2160 
e 45 1440 d 935 0:360 2313 
PE) „ „ 10 90:8 33 9216 
„ „ „ 165; 81:9 „ | 2987 
e 40 1660 d 93:5 0'415 2666 
”„ „ ” 10 90.8 "N »559 
„ „ „ 15 873 35 2958 
10 52 1357 10 208 0.339 2087 
„ » ” 15 Sl, 33 9417 
„ „ „ 20 82:6 „ 2600 
5 45 1650 1077 7 908 0412 2539 
„ ”„ „ 15 818 >> 2941 
„ y, 1, 20 826 er 3164 
e 40 1940 10 90:8 0485 2986 
»» ® * 15 873 er 4458 
„ „„ 2, 20 32:6 5 3720 
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TABLE 73—(continued). 









































Vacuum, 660 mm. Absolute pressure, 100 mm. 
Temperature, 52° C. Total heat, c = 622 cals. 
Cooling water. Air. 
































Initial Final 

tempera- | tempera- | Weight. Tempera- | pressure. Weight. | Volume, 

ture. ture. UBEe, 
De kilos. In mm. kilos. Litres. 
1 a > 1540 15 873 0'385 2745 
45 53 " 20 82:6 * 2953 
ss ” Sy 25 76°5 5 3241 
45 1923 15 87:3 0481 3429 
; 4 ;, 20 82:6 n 3689 
7 en - 25 765 ;ö 4049 
7 40 2328 15 873 0'582 4149 
r 20 82-6 s 4464 
a 5 5 25 765 Pr 4899 
20 52 1781 20 826 0'445 3413 
7 ” 7 25 765 ” 3746 
» » » 30 68°5 »» 4326 
4 45 2308 20 82:6 0:577 4426 
Pi ” es 25 76°5 s6 4857 
» P 5, 30 68°5 „ 5610 
& 40 2910 20 82:6 0782 5984 
„ » 5 25 765 6128 
„ „ en 30 68°5 ;5 7073 
25 52 2111 25 76°5 0.525 |; 4445 
e r s 30 68°5 m 5133 
„ „ ys 3d 58°2 is 6040 
A 45 2885 25 765 0721 6069 
7 in r 30 68°5 yn 7010 
„ „ „ 35 582 „ 8248 
7 40 | 3800 25 76°5 0.950 7997 
„ hr bi 30 68°5 5 9236 
„ „» | „ 30 58.2 10868 
6300 
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TABLE 73—(continued). 


Vacuum, 660 mm. Absolute pressure, 100 mm, 
Temperature, 52°C. Total heat, c = 622 cals. 





Cooling water. Air. 








Initial Final 
tempera- | tempera- | Weight. 
ture. ture. 


Tempera- 


Pressure. | Weight. Volume. 
ture. 


Fe kilos. Ur kilos. Litres. 





0'648 7413 
R3 9662 
0962 9353 

5 11005 
ss 14478 
1'455 14146 
16645 
21898 


2591 39 
>) 40 
3848 30 
„ 30 
»» 40 
5820 30 
3) 

40 


FURTH a 
OO @ 5: Cr © 
HPBoa-DwDoaH-Hm 


9599 
12627 
20268 
16502 
21709 
34946 
33290 
43796 
70297 


35 
40 
45 
38 
40 
45 
35 
40 
45 


DH OD # OD HP Or 
FPIEPURDUM 
oHDohHmoamHm 





40 
45 
50 
40 
45 


17879 
28699 
106540 
43419 
69693 
258727 


DD H> 
RED 
om 


ID Ha 
ar 


49180 
182108 


DD 
o& 
(op) 
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TABLE 73—(continued). 


























Vacuum, 680 mm. Absolute pressure, 80 mm. 
Temperature, 48°C. Total heat, c = 621 cals. 
Cooling water. Air. 
Initial Final Tempera- 
tempera- | tempera- | Weight. Pressure. | Weight. Volume. 

ture. ture. j 

Da 2 kilos. Ira: mm. kilos. Litres. 
d 48 1356 > 735 0'369 2773 
e 4 ” 10 70:8 2963 
fi = > 15 673 R 3145 
+ 40 1718 d 735 04295 3512 
„ „ ” 10 70'8 „ 3794 
® ® 7 15 67°3 sa 3984 
Pr 35 1953 d 735 0'488 3992 
5 3; e 10 70:8 Pr 4158 
„ „ „ 15 67°3 „ 4527 
10 48 1509 10 70:8 0'377 3295 
” » = 15 673 En 3497 
N h R 20 62:6 Ki 3827 
% 40 1937 10 708 0.484 4230 
k B # 15 67:3 : 4490 
B & e 20 62-6 re 4912 
er 35 2344 10 708 0586 5122 
e: . ’ 15 67°3 R 5436 
R e ” 20 626 & 5948 
15 48 1737 15 673 0'434 4026 
5 F s 20 62-3 f 4405 
f 2 u 25 56:5 “ 4958 
” 40 2324 15 673 0581 5389 
£ % 5 20 62-6 e 5897 
5 & k 25 56:5 ii 6638 
„ 35 2930 15 67.3 | 0782 679. 
;; f 20 62.6 f 7435 
« # ; 95 56°5 a 8369 
20 48 2040 20 62°6 0510 5177 
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TABLE 73—(continued). 





Vacuum, 680 mm. Absolute pressure, SO mm. 
Temperature, 48° C. Total heat, c = 621 cals. 










Cooling water. Air. 
















Initial Final 
| tempera- | tempera- | Weight. 
ture. ture. 


Tempera- 


Pressure. | Weight. Volume. 
ture. 










VER De kilos. das mm. kilos. Litres. 














20 48 2040 95 0.510 5827 































€ n n 30 48:5 y 7043 
j 40 2905 20 62-6 | 0'726 7369 
x N R 25 555 | „ 8295 
ö r ü 30 A 10026 
e 35 3908 20 62-6 | 0977 9917 

25 555 | 11162 

30 ee 13492 











95 56:5 | 0:693 7118 












30 48:5 ” 8603 
35 382 e 10870 
25 56°5 0:967 11047 
30 48°5 ® 13354 
35 38°2 5 16903 
25 96°8 1'442 16475 
30 48°5 es 19901 
3) 382 > 25215 










30 48'5 0'796 10993 







35 38-2 x 13949 
40 25-1 R 22246 
30 48-1 | 1'453 | 20070 
35 38-5 „| 25483 
40 25-1 „| 41059 
30 48:5 | 2930 | 40460 
35 38-5 i 51196 
40 25-1 ß 80780 
35 382 | 1:102 | 19263 
0 | 21 i 30382 
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TABLE 73—(continued). 


Vacuum, 680 mm. 
Temperature, 48° C. 


EVAPORATING AND CONDENSING APPARATUS. 


Absolute pressure, 80 mm. 
Total heat, c = 621 cals, 


























Cooling water. Air. 
Initial Final m 
tempera- | tempera- | Weight. ee Pressure. | Weight. Volume. 
ture. ture. i 
Bas (er kilos. Kine mm. kilos, Litres. 
3d 48 4408 45 8:6 1'102 249247 
2 40 | 11620 35 382 | 2.905 | 50769 
# & . 40 251 5 80090 
5 E 5 45 8:6 a 91895 
40 48 7043 40 251 | 1761 | 48561 
z i : 45 8:6 „| 146850 
45 48 | 19100 45 86 | 477 = 
Vacuum, 700 mm. Absolute pressure, 60 mm. 
Temperature, 44° C. Total heat, c = 619 cals. 

) 44 1474 5) 53:5 0369 4149 
& ni u 10 508 er 4446 
u r 3 15 473 he 4863 
re 3d 1945 d 53°5 | 0'486 5465 
5 r © 10 50:8 5 5816 
% 15 8 | „ 6405 
2356 d 53°5 0589 6623 
10 50°8 ” 7097 
15 473 ai 7763 

808 

473 

49:6 

508 

473 

49:6 

508 
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TABLE 73—(continued). 


Vacuum, 700 mm. Absolute pressure, 60 mm. 
Temperature, 44° C. Total heat, c = 619 cals. 








Cooling water. Air. 


























Initial Final En AraE 

tempera- | tempera- | Weight. eo Pressure. | Weight. | Volume. 
ture. ture. ü 

U I kilos. Gras mm. kilos. Litres. 

30 | 2945 15 473 0736 | 9700 

u 90 49-6 „110966 

1983 15 47:3 | 0,496 | 6587 

En 20 42:6 | ie 6390 

4 25 36°5 5; | 8719 

2920 15 473 0730 9621 

“ 20 49:6 5 10877 

G 25 365 | 12921 

3926 15 473 0'981 12936 

20 42:6 r 14624 

25 a 17363 

20 42.6 | 0'599 8925 

2 a 3 ' 10602 

30 |) 285 | Pr 14364 

20 | 426 | 0972 | 14483 

20. Bo | N 17204 

30 285 | % | 23309 

20 | 4236 1'472 21933 

5 | 8665| „ 26063 

30 285 | ® 35810 

25 36:5 | 0'757 13399 

30 285 „g 18153 

35 182 54 27858 

25 36°5 1'460 25842 

30 28°5 by 35011 

35 18°2 Es | 88728 

25 36°5 2945 | 52126 

30 285 “ 70621 

35 18:2 e 108376 
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TABLE 73—(continued). 




















Vacuum, 700 mm. Absolute pressure, 60 mm. 
Temperature, 44° C. Total heat, c = 619 cals. 
Cooling water. Air. 
Initial Final m 
tempera- | tempera- | Weight. a: Pressure. | Weight. Volume. 
ture. ture. R 
7 Das kilos. IR, mm. kilos. Litres. 
30 44 4108 30 28°5 1'027 24627 
„ „ „ 35 18°2 PR) 37794 
„ »» » 40 51 " 143780 
5 35 11680 30 28:5 2.920 70022 
„ 5, ” 35 18:2 S 10746 
„» „ » 40 öl r 408800 
30 H 6410 39 18°2 1'603 58990 
E) „ „ 40 Da 3% 224420 
40 44 14425 40 ol 3'606 | 504840 














Vacuum, 710 mm. Absolute pressure, 50 mm. 
Temperature, 38°C. Total heat, c = 618 cals. 





1758 43°5 0'440 6090 

5 40-8 mn 7542 
= 373 ie 7366 
2352 43:5 0'588 8138 
ns 40-8 ji 10078 
R 373 ” 9843 
2965 43:5 0741 10255 
408 12601 
373 12404 





408 8878 
373 8668 
32'6 10117 
408 11527 
373 11257 
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TABLE 73—(continued). 


























Vacuum, 710 mm. Absolute pressure, 50 mm. 
Temperature, 38° C. Total heat, c = 618 cals. 
Cooling water. Ar, 
Initial Final j Tempera- 
tempera- | tempera- | Weight. Tr Pressure. | Weight. Volume. 
ture. ture. 
ba. Ua kilos. ba: mm. kilos. Litres. 
10 30 2690 20 326 0:672 13124 
# 25 3953 10 408 0'988 16934 
h u A 15 37-3 en 16539 
R 4 es 20 39:6 5 19295 
15 38 2609 15 37'3 0'652 10914 
” , 22 20 326 „ 12739 
5 ie N 25 | 265 5 15935 
“ 30 3920 15 373 0.980 16405 
ss n Ar 20 32:6 55 19239 
„ PR) „s 25 26°5 9 23951 
” 25 9930 15 378 1'482 13849 
„ „ 20 32'6 8 28943 
„ De; A 25 26°5 55 36220 
20 38 3277 20 32:6 0.819 15995 
» » 9 25 26°5 „ 20016 
» „» er 30 18°5 ss 30745 
” 30 5888 20 322 1'470 18709 
„ „ „ 25 205 Sn 35927 
»» » »» 30 18°5 5 55184 
Pr 25 11860 20 32°6 2:970 58004 
„ „» 35 25 96'5 3 72587 
ER) „ „» 30 | 18:5 n% 111494 
25 38 4530 25 26°5 1'132 27678 
„ ” ” 30 18°5 „ 49514 
» y» 3 35 82 56 96263 
» 30 11760 25 26°5 2:940 71854 
„ „ „ 30 18°5 * | 110368 
„ „ „ 30 82 an 249900 
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TABLE 73—(continued). 





Vacuum, 710 mm. 
Temperature, 38° C. 


Absolute pressure, 50 mm. 
Total heat, c = 618 cals. 






















Cooling water. Air, 
Initial Final m 
tempera- | tempera- | Weight. en Pressure. | Weight Volume. 
ture. ture. FIR 
12 Tas kilos. ba mm. . kilos. Litres. 
30 38 7250 30 18°5 1'812 68022 
» » „ 35 82 r 154700 











19333 


Vacuum, 720 mm. 
Temperature, 345° C. 






















1974 
2960 


3980 


35 


Absolute pressure, 40 mm, 
Total heat, c = 617 cals. 

































338 
30'8 
273 
335 
30°8 
273 
338 
308 
27:3 


308 
273 


22:6 


308 
273 
22'6 


308 


273 
226 


273 
226 


0:494 
0-740 


0:995 
















410805 














8916 
9840 
11288 
13355 
14541 
16909 
17955 
19820 
22736 











11832 
13573 
16846 
19651 
22533 
27991 
29740 
34121 
42741 











17138 
21270 
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TABLE 73—(continued). 



































Vacuum, 720 mm. Absolute pressure, 40 mm. 
Temperature, 345° C. Total heat, c = 617 cals. 
Cooling water. Air. 
Initial Final 
ner: katinem: Weight. eg Pressure. | Weight. | Volume. 
ture. ture. ; | 
een Tas kilos. WR mm. kilos. Litres. 
15 34-5 | 3000 25 165 | 0750 | 29108 
as 25 5920 15 273 1'480 33818 
R s : 20 290 |, 41973 
g R 3; 25 10’9- | = 57439 
ee 20 11940 15 273 2985 | 68207 
Fr x ” 20 22:6 Be 84654 
» » „ 25 16°5 5 115850 
20 34:5 3949 20 23:6 0987 27991 
„ „ „ 25 165 „ 38305 
„ „ 5 30 8:5 = 87676 
ir 25 11840 230 22:6 2.960 85945 
4 =, ei 25 16°5 5 ı 114878 
3 Pr " 30 8°5 ir 262936 
25 34:5 6131 25 16:5 1.939 | 59466 
„ 5 „ 30 Ban | Re ı 136176 
30 34:5 12947 30 ea sale, 287494 
Vacuum, 730 mm. Absolute pressure, 30 mm. 
Temperature, 29° C. Total heat, c = 615 cals. 
d 29 2443 5 23°8 0611 15782 
„ „» „ 10 20.8 # 18087 
„ E re 15 178 ” 21972 
“ 20 3966 5) 235 0991 25697 
„ ” | „ 10 208 sig 29440 
” ib) ” 15 173 „ 35636 
% 15 6000 d 23°5 1:500 38740 
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TABLE 73—(continued). 























Vacuum, 730 mm. Absolute pressure, 30 mm. 
Temperature, 29°C. Total heat, c = 615 cals. 
Cooling water. Air. 
Initia] Final m 
tempera- | tempera- | Weight. es Pressure. | Weight. | Volume. 
ture. ture. k 

la: lo. kilos. Das mm. kilos. Litres. 
d 15 6000 10 20.8 1'500 44382 
„ „» „ 15 172 re 53940 
10 29 3084 10 20:8 0:771 20612 
„ 1 : 15 1728 ar 27725 
„ „ „ 20 12:6 „ 39051 
„. 20 5950 10 20:8 1'488 44027 
„» „ » 15 17:3 ER 53908 
„ „ „ 20 12:6 PR) 19867 
? 15 12000 10 20°8 3.000 88764 
# R 5 15 173 Me 106788 
„ „ » 20 126 ” 151950 
15 29 4185 15 178 1'046 37494 
„ „ „ 20 12:6 ;4 52980 
„ „ „ 25 6°5 „ 101012 
r 20 11900 15 173 2'975 86981 
> s * 20 12:6 “ 150684 
re Rn ns 25 6°5 ” 287296 
20 29 6511 20 12:6 1'628 82458 
# u 2 25 65 2 157916 
25 29 14650 25 6°5 3:660 | 353446 














Vacuum, 740 mm. Absolute pressure, 20 mm. 
Temperature, 21°C. Total heat, c = 613 cals. 





0.924 41626 
52742 
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TABLE 73—(continued). 
































Vacuum, 740 mm. Absolute pressure, 20 mm. 
Temperature, 21°C. Total heat, c = 613 cals. 
Cooling nalen; Air. 
Initial Final 
Bi nei Weight. Dr Pressure. | Weight. Volume. 
ture. ture. I 

Der Te kilos. nz mm. kilos. Litres. 
d 21 3694 15 7:83 0.924 79679 
2 15 5980 d 13°5 1'495 67350 
„ „ „ 10 108 99 85335 
E in ® 15 73 nr 128718 
> 10 12060 d 13:9 3:015 135600 
„ „ „ 10 10-8 „ 171280 
» » „ 15 73 Rn 258699 
10 1 5382 10 108 1'345 76773 
„ „ „ 15 73 „„ 115983 
„ „» m 20 2:6 Er | 245718 
® 15 11960 10 108 2:990 170670 
„ » „ 15 73 ” 257836 
„ „3 % 20 2:6 5 566243 
212737 
450696 
2703812 














D. The Volume of Air to be Exhausted from Surface- 
condensers. 


The eooling water does not come in contact with the interior of 
surface-condensers, from which the air-pump exhausts; hence the 
air carried by this water has not in this case to be taken away by the 
pump. In surface-condensers the air-pumps have only to extract 
the air introduced from the liquid to be evaporated or distilled and 
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by leakages in the apparatus. The pumps may, therefore, be 
smaller for surface- than for jet-condensers. 

Since there is no experimental guide to the quantity of air intro- 
duced by these means, we can only rely on the general experience 
that the volume of air to be exhausted from surface-condensers is 
about 06 of that from jet-condensers. The temperature of this air 
is that of the condensed liquid after ıt has been cooled. If the 
condensed liquid has the temperature t,, which is a few degrees 
higher than that of the entering cooling water, then the volume of 
air to be exhausted per 100 kilos. of condensed liquid is: 
L(273 + t,.)29°27 x 760 

pb 

These volumes of air may be found by multiplying by 0'6 those 
given in Table 73 for dry jet-condensers. 

Both wet and dry air-pumps may be used in connection with 
surface-condensers—the former when the condensed liquid is to be 
taken together with the air, the latter when the distillate is caught 
and carried away separately. 

The wet air-pump of a surface-condenser has to exhaust, per 100 
kilos. of distillate, the volume: 


Y„=10+V,Ütres » . » . zw EB 
The dry air-pump has to exhaust the volume: 
VYu= M,lttes . a a uw Ze 


Va. 06 





(262) 


CHAPTER XXIV. 
A FEW REMARKS ON AIR-PUMPS AND THE VACUA THEY PRODUCE. 


THERE are two chief forms of air-pump used in connection with 
evaporating apparatus—(A) air-pumps with flap-valves; (B) with 
slide-valves. 


A. Air-pumps with Flap-valves. 


The valves of these pumps are sheets of rubber or metal, which are 
opened and closed by the pressure of the air without mechanical aid. 
They are called “ wet” air-pumps if they are to exhaust the warm 
(condensed) water together with the air. Since the water can never 
be given as high a velocity in the pump as the air, these pumps must 
possess much larger valves if they are to exhaust water than when 
they extract air only. The speed also should not be very high in the 
former case— about 30-50 revolutions per minute. There is another 
reason why the speed of wet air-pumps should not be too high—it is 
desirable to expel at each stroke the whole quantity of air brought in 
during that stroke, which can only be accomplished when the air is 
first expelled through the water, which must be as quiescent as 
possible, and which is then itself expelled. If the air and water are 
mixed, which is the case when the water is in too violent motion in 
the pump, they are both expelled together through the valve, but only 
a portion of each, and there remains much air in the cylinder, which 
condition diminishes the efficiency of the next stroke. The larger 
valves and passages of the wet pumps cause them to have as a rule 
greater dead spaces than the slide-valve pumps described later. We 
shall at once see what influence this has upon the action of the pump. 

When a pump with flap-valves is used as a dry pump, ..e., when, 
along with the air, it does not take in water which would fill the dead 
space and to a great extent neutralise its effect, it is advisable to allow a 
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small regulated quantity of cold water or glycerin to enter the pump 
at each stroke and be expelled, in order to overcome the dead space. 
(German Pat. No. 24,092 of ©. Heckmann, Berlin). 

If the water which is sucked in is cold and the pump does not 
work too rapidly, very good results can be obtained with wet air- 
pumps. Vacua of 700-720, or even 730 mm., can be permanently 
maintained in the evaporating apparatus. 

Generally speaking, the fap-valve pumps are less sensitive and 
less exposed to slight accidents than slide-valve pumps, so that they are 
suitable for small and medium capacities. They have the further ad- 
vantage, that they can themselves pump from the well the water for the 
condenser, which it is convenient to attach directly to thepump. Thus 
no special water pump is required, which is necessary with dry con- 
densers in the great majority of cases. This suction of the water from 
a tank or well at a lower level is always permissible if the water level 
is not more than 5 m. below the middle of the pump. It is, however, 
advisable to arrange, for starting and special requirements, a small cold 
water supply-pipe, which can be used for a short time to commence the 
condensation when the apparatus is first set in motion. 


B. Slide-valve Air-pumps, 


In these pumps the ports by which the air enters and leaves are 
mechanically opened. As a rule they should exhaust no water with 
the air, and are, therefore, called “dry” pumps. Their dead spaces 
are smaller, their speed can be greater (60-200 revolutions per minute), 
and they are specially suitable for large capacities. They require a 
surface- or a dry-condenser (if possible counter-current), and they 
use less power than wet pumps. But since the dry (fall-pipe) con- 
densers must lie at least 10'2 m. above the water level, they almost 
always require a special water pump to remove the injected water. 

In order to remove the diminution in efficiency produced by the 
dead spaces, Wellner proposed many years ago to equalise the pressure 
at the dead-point, and now almost all air-pumps are provided with 
arrangements of this kind. 

When the piston of the air-pump has nearly reached the dead- 
point, in the small space, V,, in front of the piston there is air at the 
atmospherie pressure, p, and in the large space behind the piston, 
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J + V,, there is air at a very much lower pressure. At this moment, 
the entrance and exit to the cylinder being closed, the two ends of the 
cylinder are put in communication. The compressed air enters both 
ends of the eylinder, expands, and now after the equalisation there is 
on both sides of the piston the same pressure: 
pV. 
Be Tom, 

The communication between the two ends of the cylinder is then 
shut off, the new stroke begins, and almost at once the suction 
commences. 

The details of the arrangements for equalising the pressure are 
different with different makers, and will not be further considered 
here. 

The question, to what vacuwum (to what lowest absolute pressure, 
pP.) 4 vessel can be exhausted, is answered in the following manner :— 

A vessel of the volume V,is to be exhausted by a double-action 
pump, without equalisation of pressure, with a cylinder of volume J; 


(265) 


J 
let the ratio, m ß, the original pressure in the vessel = p, and the 


pressure after n half-strokes = p,. 
This pressure is (after A. v. Ihering, Die Gebläse) : 


ui eß 1 
mn + FE: 1-5)|- su RED 


in which the ratio of the dead spaces to the volume traversed by the 


piston, 2 =eandd=1+alr+e). 


After an infinite number of strokes the pressure in the vessel is, 
therefore : 


DET ie mruneın 5 Aa 


If the pump is provided with a complete equalisation of pressure, 
then the pressure in the vessel after n half-strokes is: 


Di | + br i a ‚(= oe nn (1 E =. en 


in which c=1+ 2%e +e. After an infinite number of strokes the 
pressure is very nearly 





pe er,2 pe j € 
(l1+9J(l+2+c) l+el+kt+te 





Po = 





(269) 
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TABLE 74. 
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The lowest pressures, p_, which can be reached by air-pumps, with 
and without complete equalisation of pressure, at proportions of 


the dead space, e = 


V, 
7 from 0:01 - 0°20. 


Liowest pressure reached after an infinite number of strokes. 





Pumps without equalisation 





Pumps with complete equal- 














2; 

E 

2 m 

E Ss of pressure. isation Of pressure. Ratio 
no Ber: : En f € 
=5 5 BEI S5 Si BEI 23 e 
>> ef | ©o9 yg 2, oo SIE 

SE a8 | A8 | 88 eu: 38 | 38 

30 S. 3# |,3r En ar’) 8° 

= nz ao | As Mz Fo | As 

a DE, or 760 — by. Di Dr OD 
0:01 | 0010233 | 7527525 | 00001003 | 0:074|759:9 |0:0098 
0-02 | 0°020266 | 1491| 7451 | 0'000388 | 0'285 7597 10:0191 
0:03 | 0-030105 | 22:15 7279 | 0000626 | 0:620 | 759:38| 00280 
0:04 I 0:03975 | 29:23 |730'8 | 0:00143 1:050 759  1|0:0360 
0:05 I 004904 | 36:2 |723°8 | 0:00216 1622| 75838[ 00448 
0:06 | 005851 | 43:2 |716°8 | 000309 2:281 | 75772] 00528 
0:07 | 0:06761 | 49:72 710-3 | 000409 3'013 | 757 00606 
0:08 | 0:07655 | 56°3 7037 | 0:00521 3834 | 756°17 [00681 
0:09 | 008534 | 62:75 6972 | 000643 4722 | 755281 00750 
0:10 | 0.0939 690 691 0:00773 5678 | 754431 00823 
0:11 I 01024 75'3 |684'7 | 000912 6707 753°3 [00891 
0:125] 0:1148 84-4 |675°6 | 0'01133 8:33 |751'67[0:0987 
0:135 | 01229 91:2 |668°8 | 0:01290 9:576 750°42]0:1051 
0150] 0:1348 1100 660 0:01537 |11'4 17482 [01140 
0165| 0-1464. [107.6 652-4 | 0:01796 13:20 |746°8 |0:1227 
0175| 01539 1113-2 \646°8 | 0:01985 14:60 |745:2 [0:1290 
0185] 01614 11186 |641'4 | 0:02156 11584 [7442 [0:1336 
0.200] 01723 127 633 0:02435 [17:95 |742'0510:1413 














In order to obtain a representation of the effect of the dead spaces 


and of the equalisation of pressure, Table 74 has been drawn up. 


It 


gives, by means of equation (269), the final pressure obtained after 
an infinite number of strokes in a vessel, in which the pressure was 
originally p, for pumps with and without the equalisation of pressure. 
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Various dimensions are assumed for the dead spaces (e = 0:01 - 0'20) 
and for the ratio of the volume of the equalising channel to the 
volume traversed by the piston—e, = n = 0019. 

This Table 74 shows the great extent to which the injurious 
action of the dead spaces is reduced by the equalisation of pressure, 
even when it is not quite complete, which would be the case in 
practice. It also shows what vacua can theoretically be obtained 
with dry air-pumps under various conditions. 





CHAPTER XXV. 


THE VOLUMHETRIOC EFFICIENCY OF AIR-PUMPS. 
(See A. v. Ihering, Die Gebläse.) 


A. Air-pumps without Equalisation of Pressure, 


WHEn the piston reaches the end of its stroke, after the air has been 
expelled there remains in a small portion of the cylinder—the dead 
space—the volume, V,, at the pressure of the atmosphere, p. As 
soon as the piston recedes, this volume, V,, expands, and continues to 
expand until its pressure is equal to that in the vessel to be evacuated, 
Dy Let the space through which the piston has then travelled = V,. 
(These conditions are the same both for air-pumps, which are to 
create or maintain the very small pressure, p,, in a vessel and which 
expel the exhausted air into the atmosphere at the pressure, p, and 
also for compressors, which press the air from the atmosphere, where 
the pressure is »,, into a vessel, in which the pressure, p, is to be 
maintained.) 

Air is warmed by compression; this is the case when air at a 
very small absolute pressure (a partial vacuum) is brought to the 
pressure of the atmosphere, just as when air at atmospheric pressure 
is compressed. 

Let the temperature of the compressed air be 7’, its temperature 
after expansion to the pressure, p,, be 7',, then by Mariotte’s law 

10 IE 


7 ee 





(270) 


whence 

V.p _ VePo 

In 14 

a 
Po 





u @ 
us 
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If V, is the volume through which the piston travels whilst 
exhausting, and J the total volume it describes, then 








I-V,=V. 
Therefore 

pe 

Bee (272) 

Po 
and since V, = «eJ 

EP) 

ee (273) 


The ratio of the volume during exhaustion, V, (the useful work), 
to the whole volume of the stroke, J, i.e., the volumetric efficiency, 


Xuu, 18, therefore, 
EP _&o 
7) 


v 
EEE 274 
Xva = en 1 P% ( ) 
pT 
ns 


This is the volumetric efliciency for the condition that the heat 
produced in compression is in no way lost. This is called adiabatic 
compression. 

From this equation we see that the volumetric efficiency is 
greater :— 

1. The smaller the dead space, «. 

2. The lower the ratio of the pressure of compression to the 
pressure of the exhausted air (2.e., in compressors, the lower the air 
pressure to be attained; in vacuum pumps, the smaller is the vacuum 
to be produced). 

3. The higher the temperature of.the compressed air and the 
lower that of the exhausted air (2.e., the greater the difference in 
temperature between exhausted and compressed air). 

Thus in order to obtain high volumetric efficiency artificial cooling 
during compression is not advantageous, but is advantageous during 
the period of expansion. 

The cooling may be effeeted by means of a jacket or by injeeting 
water ; the latter is more effective, but necessitates a slower speed and 
readily causes fouling. 
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lf complete cooling were attained, so that the air was at a constant 
temperature during the whole operation, then 7’=T,, and the efficiency 
equation would be 

x=1-d2-1) az 
Po 

Compression under these conditions is called ösothermal. 

Generally complete cooling is not obtained, although attempts are 
made; a condition oceurs which is a mean between complete cooling 
and absence of cooling, which is known as polytropic compression. 
The useful work may then be expressed as the mean of the results of 
equations (275) and (276) :— 


T 
EEE 7 - 1) ee e = 1) . (a7) 


Now in determining the useful work in adiabatic compression the 
temperatures 7’ and 7, are not known; if the useful work is to be 
calculated these factors must be replaced by others which are known. 
This is effected by means of Poisson’s law (the so-called involuted 
Mariotte’s law), by which the pressures may be put in place of the 


temperatures :— 
k—]1 1 
T, _ (Po Fee % 
7-6) - ah 7) 
ER Ware 7 
In which k = a = 0:16847 — 141 ; R 5 r s (279) 
1 
or ; = b:rsa u, Were 


co, is the specific heat of air at constant pressure = 0'2375. 

co, 18 the specific heat of air at constant volume = 0'16847. 

If these values be inserted in equation (275), we obtain an equation 
for the adıabatıc efficiency, from which numerical results can be 
obtained :— 


«1-1 -1]-1-1@)”- 1]. em 


B. Air-pumps with Equalisation of Pressure, 


When the piston reaches the end of its stroke, the condition of 
the air in the dead space before the equalisation of pressure, assuming 
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that the equalising channel, V,, is always in communication with the 
compressed air, is :— 








V,+V 
m a :;) 
in the other and larger: space the condition is :— 
J+V, 
mr 9 a ee, 


After the equalisation of pressure has taken place the condition 
is — 
I+2V,+V, 
Sr 


a 


(284) 


and since the conditions before and after equalisation must be 
equal :— 
Ve, 2 W, NET 




















= . 2 r 
FT —p TE FE "Do ZpE Ps ( 85) 
© + Van RN J+ po). 
© Pe 7, sea 
Pr Doz m, 
If we put V, = eJ and V, = «e,J and eliminate J, then 
(+ «pP, (l+eP 
— T T 4 
De en ee (ZB 
„Heart 
8 es 0 0 
or 7 aeg (288) 


In «sothermal compression, in which all the temperatures remain 
constant, T= T, = T,, and 





| 
2, 1 ZB de ie €, . . . . . 


In finding the equation for the adiabatic compression (291) it is 
permissible to put T, = T\, which is not correct, but causes only an 
inconsiderable error. Equation (288) then becomes 





An 
®, (+, m+(+o 
wo ZT Pre se u AR 
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TaBgie 75. Part l 





g Pa _ pressure after equalisation 
?, Pressure in empty vessel, 
0'01-0'20, and for isothermal and adia- 


The isothermal and adiabatic values o 
































Isothermal and adiabatic values of 
Dead |Isothermal,f 
space, b. 
J p _ Pressure of the atmosphere 
2 =, u ?, Pressure in evacuated vessel ° 
st 1:5 2 245 3 3°5 4-11 

0:01 D 1'001 | 1'011 | 1'024 | 1'036 | 1'048 | 1'060 | 1075 
a 1'005 | 1'012 | 1:019 | 1'026 | 1'032 | 1'038 | 1'046 
0:02 D 1'002 | 1'016 | 1'033 | 1'049 | 1:060 | 1'083 | 1106 
a 1:000 | 1'016 | 1'018 | 1'025 | 1'034 | 1'041 | 1'052 
0:03 D 1'003 | 1:020 | 1'042 | 1'063 | 1'083 | 1:105 | 1'130 
a 0-988 | 1'000 | 1'012 | 1'023 | 1'035 | 1'046 | 1'058 
0:04 d 1.004: 1'025 | 1050. 1'075 | 1:100 71.1257 72363 
a 0'980 | 0:999 | 1'009 | 1'023 | 1'036 | 1'048 | 1'063 
0:05 D 1:005 | 1'029 | 1'058 | 1'087 | 1116 | 1143 | 1181 
a 0972 | 0:985 | 1'005 | 1'020 | 1:037 | 1'051 | 1°068 
0:06 D 1'006 | 1-033.| 1:066 | 1'099 | 1-132 | 11657 7288 
17 0:965 | 0-985 | 1'005 | 1'025 | 1'038 | 1'054 | 1'074 
0:07 1 1007 | 1°037 | 1°075.| 1111 | 2332 | 177 a7 7277 
a 0'955 | 0:960 | 0:999 | 1'019 | 1'039 , 1065 | 1:077 
0:08 D 1'008 | 1'045 | 1'088 | 1121 | 1'160 | 1200 | 1259 
a 0:950 | 0:971 | 0'993 | 1'017 | 1'040 | 1'059 | 1'085 
0:09 W 0°940 | 1'044 | 1'091 | 1'140 | 1'176 | 1'230 | 1'273 
[7 1'099 | 0:963 | 0:990 | 1'017 | 1'040 | 1'062 | 1'096 
0:10 W 1'010 | 1'048 | 1'095 | 1:155°| 1'189 | 1260 | 1337 
a 0'936 | 0:960 | 0:975 | 1'015 | 1'042 | 1-065 | 1093 
0:125 v 1'012 | 1'053 | 1'115 | 1'169 | 1'230 | 1-280 | 1'370 
a 0'920 | 0:945 | 0'982 | 1'015 | 1'046 | 1'073 | 1'103 
0150 v 1'015 | 1'062 | 1126 | 1'188 | 1'256 | 1'313.| 1'400 
a 0'909 | 0:942 | 0979 | 1-011 | 1°046 | 1:077 , 1'112 
0'175 D 1'017 | 1'070 | 1'139 | 1200 | 1'286 | 1'350 | 1'433 
0'892 | 0-928 | 0:970 | 1:009 | 1'047 | 1:080 | 1'113 
0200 1 1'090 | 1079 | 1152 | 1'228 | 1'300 | 1'380 | 1'472 
a 0:879 | 0-925 | 0-972 | 1:007 | 1'048 | 1'085 | 1'125 
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PaArr 1. 


and the volumetrie efficiency, x, for air-pumps and compressors, 
with and without equalisation of pressure, with dead spaces, e, from 
batic compression. 





Ps Pressure after equalisation 





P, Pressure in evacuated vessel’ 


e, Is taken at 0'015. 





pressure in compression vessel » 





pressure of the atmosphere 


Po 











474 | 5:38 633 7'6 9:5 12-67 19 36 76:0 
1'090 | 1'105 | 1128 | 1'150 | 1'203 | 1'280 | 1'434 | 1'845 | 2:84 
1:053 | 1:060 | 1:069 | 1:082 | 1:100 | 1'125 | 1'174 | 1'285 | 1-48 
12135 | 2150| 1.182 | 1:226 | 1281 | 1:395 | 1615| 2:164 | 3:50 
Bank SEOzL N 1:084 | 1-101.|: 1-124 | 1.161 | 1-237.| 1:392 |- 1:68 
1'156 | 1:185 | 1'222 | 1:274 | 1'355 | 1'487 | 1752 | 2464 | 4:14 
070) 2:08, 15095 | 1120| 1.153 | 1195 | 1280| 1475, 786 
1187 , 1'220 | 1:267 | 1-331 | 1-447 | 1-585 | 1-904 | 2758| 4-78 
700, 2.09 Te | 1188 1.178 | 1219| 1.830.) 1564| 208 
is | 16255 | 1:8310 | 1.375 | 1485 | 1675 | 2:050 | 3:04 | 5:40 
Iase 1192 2117 | 1155 | 1201 | 1260 | 1:877 |. 1650| 220 
1'246 | 1'290 | 1'351 | 1'436 1540. 1'770 | 2:222 | 3:3l4 | 5°95 
1'092 | 1'112 | 1138 | 1'172 | 1'225 | 1'280 | 1'423 | 1733 | 2-36 
1.275 | 1'323 | 1:390 | 1'486.| 1'695 | 1-859 | 2325 | 3:576 | 6:55 
a el | 1155: | 1.185 | 1'247 | 1:322\ 1-465. 1.818) 251 
1'302 | 1'353 | 1'430 | 1'533 | 1'690 | 1'950 | 2-440 | 3:825 | 7:06 
1'106 | 1'130 | 1:163 | 1'213 | 1'260 | 1'384 | 1510 | 1'895 | 2-66 
1327 | 1'377 | 1'470 | 1:580 | 1'747 | 2:025 | 2590 | 4075 | 7:55 
SER sy. 2174 | 1218 | 1285 | 1375 | 1553 | 1900| 282 
1'354 | 1'414 | 1'504 | 1'625 | 1'805 | 2:137 | 2704 | 4313 | 8-10 
1.113 | 1145 | 1:185 | 1'282 | 1309 | 1'395 | 1-590 | 2:015 | 2:95 
1'471 | 1'484 | 1:590 | 1'670 | 1'940 | 2-300 | 2990 | 4842 | 9-33 
1'184 | 1'165 | 1'212 | 1'283 | 1'356 | 1'466 | 1'685.| 2:206 | 3-28 
1485 | 1'514 | 1'668 | 1'750 | 2-061 | 2464 | 3-180 | 5-392 | 11-17 
2127| 12178 | 1227 | 17291 ,.1°403 | 1529| 1790| 2365 | 3:58 
1'520 | 1'534 | 1:741 | 1'917 | 2183 | 2-660 | 3560 | 5:768 | 11-80 
2.167 | 1210 | 1251 | 1825 | 1'489 | 1-575 | 1985 | 2511| 3:87 
1'561 | 1'665 | 1'810 | 2-010 | 2-292 | 2775 | 3-733 | 6-320 | 12-55 
1:166 | 1219 | 1275 | 1-350 | 1-477 | 1'625 | 1'940 | 2:647 | 4-14 
FE El a ee 
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TaBue 75. Part I. 


0 = without equalisation of pressure. 
m = with equalisation of pressure. 


[0 | ML oO | Mm | [0] | IM 











ı Isothermal, Vacuum in mm. of mercury. 
70 | 253 380 
Adiabatic, — EN BREI SEN 
d. pP __ pressure of the atmosphere 





Pu Pressure in evacuated vessel 





sl | ia | 15 15 | 9 | 2 





Volumetric efficiency, x,, of air-pumps and com- 





0.9399 | 0.999 |20°995. | 0939 I DON 70227 
0'399 | 0:999 | 0997 ı 09997 029270259 
0:998 | 0'999 | 0:990 | 0:399 1 0950 7 0239 
0:998 | 0:999 | 0-99 | 0:999.7 0.957 022 
0-997 | 0'999 | 0'995 | 0:999 7 0:370 7 0238 
0°997 | 0°997 | 0:990 | 0'999. 70-9817 7 0233 
0:996 | 0:999 | 0'980 | 0:999 1 0:960 70298 
0:997 | 0399 | 0.387 7 1027 092 925 
0:995 | 0:999 | 0:975 | 0399 1 O0 7 027 
0:996 | 0:999 | 0'984 | 0:999 1 0:%7 | 0932 


0:994 , 0:999 | 0:970 | 0'998 | 0'940 | 0'996 
0:995 | 0'999 | 0-980 | 0:999 I 0962 | 0:999 
0'993 | 0'999 ! 0-965 | 0:998 I 0:930 | 0:995 
0:995 | 0:999 | 0:977 | 0:999 | 0:955 | 0:999 
/ 0:992 | 0'999 | 0°960 | 0:997 | 0:920 | 0'993 
a 0994 | 0:999 | 0973 | 0:999 | 0:950 | 0:999 














0:09 D 0'991 | 0'999 | 0:955 | 0:996 | 0:910 | 0:992 
a 0:994 | 0'999 | 0:970 | 0:999 | 0:943 | 0'999 

0:10 D 0:990 | 0'999 | 0:950 | 0:995 | 0:900 | 0:991 
a 0:993 | 0'999 | 0:967 | 0:999 | 0:937 | 0:999 

1'125 ) 0'988 | 0:998 | 0:937 | 0'993 | 0:875 | 0'986 
a 0-991 | 0'999. | 0 959 | 0:999 | 0:916 | 0999 

0'150 / 0'985 | 0-998 | 0:925 | 0:991 | 0850 | 0:981 
a 0'990 | 0'999 | 0:950 | 0:999 | 0:905 | 0'999 

0:175 D 0'983 | 0'997 | 0-912 | 0'988 | 0:825 | 0:977 
a 0'987 | 0:999 | 0:942 | 0:999 | 0:880 | 0:999 

0200 | D 0'980 | 0'996 | 0'900 | 0:999 | 0:820 | 0'999 
| 0) 0'986 | 0'999 | 0:934 | 0:985 | 0:874 | 0:970 





ee 
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TABte:'75. . Pırr IL 





o = without equalisation of pressure. 
m = with equalisation of pressure. 








: 
o m | o | m o ML | o m 





Vacuum in mm. of mercury. 














pressure of the atmosphere 





25 | 25 FE 3 @ 3 | 35 | 35 | eu | 4-11 





pressors with and without equalisation of pressure. 





ug) 10:99951.0:9807 [0999| 0.975: |; 0:999> I, 0969: 0:9898 
a 11.0993 170:939 | 0.999 | 0:9386 | 0.999 I 0:983 1 70:999 
0:970 | 0:999 | 0:960 | 0'998 | 0:950 | 0'998 | 0'938 | 0998 
we 703997 0:977 | 0.399 I 0.972 | 0:999 |, 0'966 | 0999 
02999 1.0.9395 F 0:940: | 0:998 | 0°925: | 0'997 1 0907 | 0:998 
0973 | 0.393 7 0:965: | 0:999 | -0:958 | 0-899-1 0:949 | 0.998 
0:940 | 0:997 ir 0:920 | 0996 | 0'900: | .0:995 | 0:876 | ‚0:994 
0:964 | 0:999 | 0-953 | 0'999 | 0-944 | 0-999 | 0-932 | :0-998 
0:925 | 0'996 | 0:900 | 0994 | 0:875 | 0:993 | 0'844 | 0991 
Usa 1.0.9939 1 09-941 .\ 0.999 | 0°929 |. 0-999°] 0:918 ı 0998 


0:910 | 0'994 | 0'883 | 0992 | 0'850 | 0'991 | 0814 | 0:988 
Umso 170:9397 1 0:330 | 0:399 I 0915 | »0:998°| 0-893 

0:895 | 0:992 | 0:860 | 0:991 | 0'825 | 
0:936 | 0:999 | 0-912 | 0:997 | 0900 | 0:997 | 0-881 | 0-996 
0:880 | 0'991 | 0840 | 0988 | 0780 | 0:984 | 0751 | 0'980 
0.927 |, 0:999 I 0-906 | 0:998 | 0886 |. 0:997 | 0-863 | :0:996 
0865 | 0:998 | 0:820 | 0'985 | 0:775 | 0'980 | 0720 | 0:976 
0:9317 | 0:999 | 0'894 | 0998 | 0:872 | 0'997 | 0:847 | 0:99 


0:850 | 0985 | 0'800 | 0:981 | 0:750 | 0'974 | 0'689 | :0-966 
0'909 | 0:999 | 0:882 | 0'998 | 0'857 | 0'996 | 0'828 | 0'994 
0-812 | 0'980 | 0750 | 0'971 | 0'688 | 0'965 | 0'612 | 0:954 
0'884 | 0:999 | 0-853 | 0'996 | 0'822 | 0'995 | 0:827 | 0-992 
0:775 | 0:973 | 0'700 | 0'962 | 0'625 
0:860 | 0:999 | 0-823 | 0'996 | 0786 | 0'991 | 0'785 | 0-989 
0738 | 0'965 I 0:650 | 0'951 | 0:563 | 0'938 | 0-456 | 0'926 
0'838 | .0:999: | 0794 | 0:968 | 0750 | :0:958 | 0-742 | 0'985 
0:700 | 0'999 | 0'600 | 0:940 | 0500 | 0'924 | 0'378 | 0:983 
0814 | 0:955 | 0'765 | 0'994 | 0714 | 0'989 | 0655 | 0906 


= 
Ne) 
oQ 
oO 
= 
-] 
je 0) 
w 
= 
oo 
[0 8) 
wo 





oO 
“d 
eb} 
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Tape 75. Part Il. —(continued). 


o = without equalisation of pressure. 
m = with equalisation of pressure. 





[0) | M | [0] | M | [6] | Mm | [0] | Mm 





























Iso- N 
Dead |thermal, Vacuum in mm. of mercury. 
Space. i. 
600 | 620 | 640 | 660 
V Adia- 
7 ==) ale, p _ pressure of the atmosphere 
a. Pu Pressure in evacuated vessel 
474 474 | 538 | 5:38 | 6:33 | 6:38 | 76 | 76 
Volumetric efficiency, x», of air-pumps and com- 
0:01 0 0963 | 0:999]| 0:956 | 0-999 | 0-947 | 0-999 | 0934 | 0:998 
a 0:980 | 0'999 | 0:977 |0-999 | 0°973 | 0-999 | 0968 | 0:999 
0:02 i 0'925 | 0'998 0-912 | 0-997 | 0'893 | 0997 | 0'868 | 0'996 
a 0960 | 0999| 0-954 | 0:999 | 0-947 | 0999 | 0-936 | 0'999 
0:03 W 0'888 0'995 [0:878 | 0994 | 0'840 10-993 |0:802 0992 
a 0940 |0:998 | 0'931 | 0:998 | 0-920 | 0-998 | 0904 | 0997 
0:04 v 0851 0'993 |0:825 0'991 | 0:787 | 0'990 | 0736 | 0'987 
a 0920 |0:998 | 0:908 | 0997 [|0°883 | 0:997 |0:872 | 0'996 
0:05 D 0'813 |0:990 | 0:781 |0:983 | 0-734 | 0984 |0:670 | 0987 
a 0'900 |0:998 | 0-885 | 0:997 | 0'866 | 0'996 | 0840 | 0:995 
0:06 0 0:776 '0:986 |0:738 | 0983 | 0-680 | 0:879 | 0:604 | 0975 
7 0'880 ,0:997 |0:862 | 0'996 |0:839 | 0-994 | 0:808 | 0992 
0:07 D 0:738 |0:982 |0:694 0'978 | 0°627 | 0:973 | 0538 | 0'966 
a 0'860 |0-995 |0-839 | 0-993 |0-812 | 0-992 | 0776 | 0'989 
0:08 W 0:701 |0-976 |0:650  0°972 10-574 0 9681| 0'472 | 0'958 
a 0'840 |0:995 |0-816 | 0:993 [0'785 | 0-992 |0:744 | 0'989 
0:09 D 0:664 .0:972 | 0606 | 0:967 |0:520 | 0:960 | 0°406 | 0:948 
a 0820 |0-994 | 0793 | 0-992 | 0760 | 0990 |0:712 | 0987 
0:10 D 0:620 | 0°965 | 0562 | 0:959 | 0467 | 0950 | 0°340 | 0°938 
7) 0:800 | 0963 | 0:770 0990 |0:731 | 0'988 | 0°680 | 0'985 
0:125 D 0'533 | 0'941 [0'463 | 0-949 | 0'334 | 0°926 |0:175 | 0'916 
a 0:748 0'989 |0:715 | 0:986 |0:663 | 0:983 | 0:600 | 0'976 
0:150 D 0:439 | 0928 |0-343 | 0-923 |0-201 | 0-900 | 0:010 | 0887 
a 0:698 | 0'985 | 0-655 | 0-982 [0:600 | 0:978| 0:520 | 0:971 
0'175 D 0'344 | 0'909 | 0-234 | 0-906 | 0:063 10-871] — |0'840 
a 0:650 |0°981 | 0:600 |0:976 [0-500 | 0:971 |0°440 | 0'962 
0200 1 0252 |0°978| 0'124 |0-971| — 10'963] — |0'954 
a 0'598 | 0'888 | 0:540 | 0868 | 0460 | 0'838 | 0°360 |0:598 

















LT 


EFFICIENCY OF 


TABLE 75. 
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Parr II. —(continued). 





0 = without equalisation of pressure. 
m = with equalisation of pressure. 





[0] | IM | [0] | mM | {0} | M [0) | ML | [0] 





Vacuum in mm. of mercury. 


























eo | © ) m 7 eo. | 

pressure in compression vessel 
er pressure of the atmosphere " 

35 | 85] 1ar | 12:67 | 19 | 19 | 36 36 | 750 | 750 
pressors with and without equalisation of pressure. 

0915 | 0:998 | 0:883 | 0:997 | 0:820 | 0:996 1 0:650 | 0'992 | 0:26 | 0982 
0:961 | 0:999 | 0-953 | 0 999 | 0:°930 | 0:999 | 0-883 | 0998| — 10'997 
0830 | 0:994 | 0767 | 0'993 | 0:640 | 0:987 | 0:300 | 0:977 | — 10'950 
0:922 | 0:999 | O 900 | 0:999 | 0:860 | 0-998 1 0:767 |0-995 | — 10991 
0745 |; 0:989 | 0640 | 0:987 | 0460 |0:9781 — 10'957] — | 0'936 
0:882 | 0:997 | 0850 | 0996 | 0:790 | 0-996 1 0°650 | 0-991 | — | 0'984 
0:660 | 0:983 | 0:534 | 0:970 | 0:280 |0-9641 — 10'932] — [0'849 
0:853 | 0:996 | 0800 | 0:994 | 0720 | 0:993 10-533 | 0980 | — | 0'974 
0:575 | 0:976 | 0417 | 0:967 | 0:100 10-9531 — |0'890| — |0:780 
0:804 | 0:993 | 0:750 | 0-991 | 0:650 | 0:989 1 0:416 | 0:979]| — |0:963 
0:490 | 0:968 | 0-300 | 0-954 | — |0:941| — [0'862] — |0:703 
0765 | 0:997 | 0:700 | 0:988 | 0-580 | 0:985 10-299 | 0:977| — | 0'951 
0405 | 0:957 | 0.183 | 0941| — 0'928 0821| — [0612 
0725 | 09881 0:650 | 0985 | 0:510 | 0-981[0:182 10-962] — | 0'937 
0310 | 0-944 | 0:068 | 0924| — 109171 — 10776] — |0'516 
0:686 | 0:986 | 0:600 | 0:981 | 0°440 | 0:976 | 0:045 10-955 | — |0:923 
0:235 | 09341 — 109091 — 10859] — /07841 — [0411 
0627 | 0:983 | 0:550 | 0:967 | 0:370 0970| — [0949| — 10'903 
0:150 | 0920] — [0886| — |0830| — |0:669| — |0:290 
0:607 | 0:980 | 0-500 | 0-970 | 0-300 |0-963| — [0937| — |0'885 

— 0883| — |0833]| — |0750| — 10520] — — 
0:509 | 0:971 | 0:377 | 0968| 0118 10-9455] — 10'908] — [0835 

sa = Fol) — 1067| — [0.8381 — — 
0410| 0:960 10-246 | 0948| — [0925| — [0876| — |0:780 

— tea — 1072] — (106552 — 0167| — — 
0:330 | 0-940| 0:130 | 0935| — 10.898] — 108481 — [0'720 

— 0:9341 — :0%99| — /0860| — — — — 
0214| 0.5421 — | 0445| — 10259] — /0:805]| — 10'652 

















392 EVAPORATING. AND CONDENSING APPARATUS. 


or, applying Poisson’s law, 


‚(ey r 
a. » +(l+e 


Po l1+2e + €, (291) 





After equalisation has taken place, the equalising channel at the 
piston end of the cylinder is closed, and the piston in returning must 
pass through the space, V,, in order to reduce the pressure, p,, exist- 
ing after the equalisation to that to be attained, p,. When this is 
the case, the exhaustion begins, therefore, 


V.pı _ Vet Va, _ YıPo , VzPo 








T, a 
A EN 
or ir -( T, Z ar 


Mens Ay 1). 


0 « 
The :sothermal volumetrie efficiency is, since T, = T\,, 





V. » 

„=1-4=-1-d#-1) » . . . 2923 
X J Am (292) 

or, inserting the value of : “from equation (2839), 

0 

(+), ++ 

K=l-e Doc De u  ı: ©) 
The adıabatie volumetric efficiency is 
V, Dskn 
sele-el- (em -1) . . . . 294 
Xuc I: = De (294) 
m k | 

==) U, an 
A 67 | 2) 


re 
Po 


ä 1 
(e + (2) +(1+e 
ee er n rs = % . + (2809) 


All these equations, which appear more unwieldy than they really 
are, are calculated out in Table 75 for many cases, indeed for most 
ordinary cases. 


or, inserting the value of —- from equation (291), 
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In the first place will be found the values of calculated by 


0) 

means of equations (289) and (291) for most degrees of evacuation 
and compression. The isothermal and adiabatic volumetric effi- 
ciencies can then readily be determined by the aid of equations (293) 
and (296). The caleulated values of these efficiencies are given in the 
second part of Table 75, together with those for pumps without 
equalisation of pressure (equations (276) and (281)), so that all cal- 
culable efficiencies may be examined together, which was the purpose 
of this table. From this comparison vt may be seen that the volumetric 
eficieney is the greatest when no heat is taken from the air-pump, 
and that the cooling of the cylinder of the air-pump, when only the 
volumetric effect is in contemplation, is rather injurious than useful. 
But all these figures do not quite represent actual practice, for, whether 
artificial cooling is applied or not, a certain and not inappreciable 
cooling takes place through the metal walls. The so-called polytropie 
compression then occurs, which is approximately represented by 
taking for each case the mean between completely cooled and un- 
cooled air-pumps. This assumption corresponds best to the reality, 
and in most ordinary cases the difference is not very great. 


CHAPTER XXVl. 


DETERMINATION OF THE VOLUME OF AIR, V, WHICH MUST BE 
EXHAUSTED FROM A VESSEL CONTAINING THE VOLUME, 
Vs, AT THE PRESSURE, p., IN ORDER TO REACH THE LOWER 
PRESSURE, p.. 


(After F. J. Weiss, Zeits. d. V. d. Ing., 1886, 646.) 


SOMETIMES it is required to know how large an air pump must be in 
order to exhaust a vessel of known capacity in a definite time down 
to a certain degree of vacuum, or the reverse: in what time a certain 
vessel can be exhausted down to a certain vacuum by means of the 
pump provided. 
Let V, = the volume of the vessel in litres. 
J = the useful volume of the air pump in litres. 
p,. = the initial pressure in the vessel in atmos. 
p, = the final pressure in the vessel in atmos. 
V, = the volume in litres which must be exhausted in order 
to reduce the pressure from p, to p.. 
If the pressure in the vessel after the 


l 


I 


1 3% or n” single stroke 
iS D, Ps Ps p, atmos. 
then 
fr 
9,(V, + J) = p.V,„ therefore 9, = Pay gg nt 
PV, + J)=pmV, „ PprPı V, 2 Re v5) (298) 


7 7 L Le : 
PVP, ” J) ri Po’, „ P3 = er; = Pa (7 > 7) (299) 
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Be a 2,5 
ze D. (7, + 7) u 
log De 
whencee nv = Se . . . . . . . (302) 
log 
V,+J 
Al v V, 7 be expanded in a binomial series and the higher powers 
+ 
of 2 neglected because of their smallness, then 
7 
W J 
HE IS IEREIER 03). 
V,+J V, u 
or: 
V, J 
l a) N Mn 
ee) og(1 7) en 


J 
If rl I 
now 08 ( v 


) be expanded in a series and higher powers. 
g 


neglected, we obtain 


log(1 - 7) = - 7 22.22. (806) 
When this value is inserted in equation (302) we have: 
log 
ee = Rn ee RUN 
V, 
or nJ = 7 - log") a ee eo 


Now nJ is the total volume, which is to be exhausted from the 
vessel, z.e., throush which the piston has to run, in order to reduce 
the contents from the pressure p, to the pressure p,, therefore 


nJ =YV, = Y,( - log} | u ae Kl 


u 


p. is always less than p»,, therefore log rn is always negative, and 
«a 


27 


eonsequently - log De always positive. 
p 
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TABLE 76. 


Examples of the volume, V,, in litres, which must be exhausted from 
vessels containing V, = 500 to 4500 litres of air, in order to reduce 
the original internal pressure p, = 1 atmos. abs. (760 mm. of 


mercury) to 0'9-0°01 atmos. abs. (vacua of 76 to 7544 mm.). 










10 11 | 12 
| 











If the original pressure of the atmos. abs. in a vessel of 
the capacity V, is to be brought to the lower 
pressure 9. atmos., the air pump has to 
exhaust the following volumes, 

Vı, in litres. 





The pressure in 
the vessel is to 
be diminished 
from the 3 = 
atmospheric | Log 
pressure 9. to De 
















Capacity of the vessel, V,,, in litres. 













the abs. |..e.,toa 
pressure vacuum 


2000 | 2500 
pe of 


500 1500 3000 | 3500 | 4000 | 4500 





1000 






























Volume to be exhausted, Vi, in litres. 


abmos. mm. 


























0.9 76 10105] 53 105 158 210 263 315} 368 420 

0:8 |152 j0:223| 112 223 8335| 446 558 669| 781, 892] 1004 
0:7 1228 10:357| 176 351 527| 702 878| 1053| 1229| 1404 1760 
06 |334 (0511| 256) 511 7671022) 1288| 1535| 1789) 2044| 2310 
0:5 380 10:6931 347 69310401386 1733| 2079| 2426| 2762) 3119 
0:4 456 |0'916| 458 91613741832 2290| 2748| 3206| 3664| 4122 
0:3 |532 [1'204 602112041806 2408 3010| 3612) 4214| 4816 541 
0:25 |570 |1'385| 69311385 2078 2770| 3463| 4155| 4848| 5540 6233 
0:2 /608 [1:61 | 81011610 2415 3220 4025| 4830| 5635, 6440) 7245 
0:15 | 646 [1'90 | 95011900 2850 3800 4750 5700) 6650) 7600 855 
0:1 |684 12:30 11150 2300 3450 4600 5750 6900) 8050| 920011055 
0:09 | 6916 [241 [12052410 36154820 6025 7230) 8435| 9640 10845 
0:08 | 699-2 [2:53 [12652530 37955060 6325| 7590) 8855|10120111385 
0:07 | 7068 [2:66 [13302660 3990 5320 6650) 7980, 931011064011197 
0:06 | 717°4 [2:81 [1405 2810 42155620 7025| 8430) 9835.11240112645 
0:05 | 722 13:00 [15003000 4500 6000 7500| 900010500/1200011350 
0:04 | 729-6 [3:22 [16103220 4830 6440. 8050) 9660111270112880 14490 
0:03 | 7372 3-51 117553510 5265 7020 877510530/12285|14040115795 
0:02 | 751'1 91 [1950 3910 58657820 977511730 13685115640 17595 
0:01 | 7534 4:61 12305 4610 6915 9220 1152513830 1613518440 20745 
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If p. = 1, i.e., if the absolute pressure in the vessel at the begin- 
ning is l atmos., then log p, = 0, and the expression becomes 
V,=V, (-log p., which is always positive since p, must be less 
than 1. 

Table 76 has been caleulated by means of this formula. It gives 
immediately the volume, V,, which must be exhausted from vessels 
of V, = 500 to 4,500 litres capacity, in order to reduce the contents from 
the absolute pressure of 1 atmos. to the desired lower pressure, »,. 
The number of strokes required for this purpose is obtained from the 
dimensions of the pump. If the time be given in which the desired 
effect is to be produced, the dimensions can readily be found. The 
table shows at once that almost as many strokes (or as much time) are 
required to reduce the pressure of 1 atmos. down to 0'l atmos., 
as 0'l to 001 atmos. 

If it is required to reduce the pressure in a vessel from p,, which 
is lower than 1 atmos., to the still lower pressure p, in order to find 
the volume of air to be exhausted in that case, it is only necessary to 
subtract the volume, which must be exhausted in order to reduce the 
pressure from 1 to p,,, from that required to reduce the pressure from 
I to 9. 

uxamples.—(a) A vessel of the capacity of V,= 2,000 litres, in which the 
absolute pressure p„ = 1 atmos., is to be evacuated down to 0'2 atmos. 

Table 76, column 7, line 9 shows that 3,220 litres must be exhausted for this 
purpose. 

(b) The pressure in a vessel of the capacity, V, = 2,000 litres is 0:5 atmos. ; it 
is to be reduced to 0'2 atmos. What volume must be exhausted ? 

From Table 76, column 7, line 9 it is seen that, in order to reduce the pres- 
sure in the vessel from 1 atmos. to 0'2 atmos., 3,220 litres must be exhausted, 
and column 7, line 5, shows that 1,386 litres must be exhausted in order to 
reduce the pressure in the vessel from 1 atmos. to 0'5 atmos. 

Thus, to reduce the pressure in the vessel from 0'5 to 02 atmos., 3,220 — 


1,386 = 1,834 litres must be pumped out, whence the dimensions of the air pump 
can be determined. 
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— — water, 335. 

— — water by, 321. 
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Ice, introduction of, 301. 
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— velocity of, 133. 
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Vacuum, 28, 56. 

— apparatus, 56. 
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— pressures, 58, 74. 

Velocity in pipes, 181, 308. 

— of splashes, 133. 

— steam and gases, 120. 
Viscous liquids, 37. 
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Waste-water pipe, 215. 
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— cooling, 212, 259. 

— — air by, 335. 
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— distribution of, 219, 243, 253. 
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Inks—Metallic Inks— Indian Ink—Lithographic Inks and Pencils—Ink Pencils—Marking Inks 
— Ink Specialities—Sympathetic Inks—Stamping Inks—Laundry or Washing Blue—Index. 


SEALING-WAXES, WAFERS AND OTHER ADHES- 
IVES FOR THE HOUSEHOLD, OFFICE, WORK- 


SHOP AND FACTORY. By H. C. STANDAGE. Crown 
8vo. 96 pp. 1902. Price 5s.; India and Colonies, 5s. 6d.; Other 
Countries, 6s.; strictly net. 
Contents. 
Materials Used for Making Sealing-Waxes—The Manufacture of Sealing-Waxes— 
Wafers—Notes on the Nature of the Materials Used in Making ; Adhesive Compounds— Cements 


for Use in the Household—Office Gums, Pastes and Mucilages—Adhesive Compounds for 
Factory and Workshop Use. 


Lead Ores and Compounds. 


LEAD AND ITS COMPOUNDS. By THos. LAMBERT, 


Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty Illus- 
trations. 1902. Price 7s.6d.; India and Colonies, $Ss. ; Other Countries, 
Ss. 6d.; net. Plans and Diagrams. 

Contents. 

History—Ores of Lead—Geographical Distribution of the Lead Industry—Chemical and 
Physical Properties of Lead—Alloys of Lead—Compounds of Lead— Dressing of Lead Ores 
—Smelting of Lead Ores—Smelting in the Scotch or American Ore-hearth—Smelting in the 
Shaft or Blast Furnace—Condensation of Lead Fume—Desilverisation, or the Separation 
of Silver from Argentiferous Lead—Cupellation—The Manufacture of Lead Pipes and 
Sheets—Protoxide of Lead—Litharge and Massicot—Red Lead or Minium—Lead Poisoning 
— Lead Substitutes—Zinc and its Compounds—Pumice Stone—Drying Oils and Siccatives 
— Oil of Turpentine Resin—Classification of Mineral Pigments—Analysis of Raw and Finished 
Products—Tables— Index. 


NOTES ON LEAD ORES: Their Distribution and Properties. 
By Jas. FAIRIE, F.G.S. Crown 8vo. 1901. 64 pages. Price 2s. 6d.; 
Abroad, 3s.; strictly net. 


Industrial Uses of Air, Steam and 
Water. 


DRYING BY MEANS OF AIR AND STEAM. ‚ Explana- 


tions, Formulx, and Tables for Use in Practice. Translated from the 
German of E. HAUSBRAND. Two folding Diagrams and Thirteen Tables. 
Crown 8vo. 1901. 72 pp. Price 5s.; India and Colonies, 5s. 6d.; 
Other Countries, 6s.; strictly net. 
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Contenis. 

British and Metrie Systems Compared—Centigrade and Fahr, Thermometers—Estimation 
of the Maximum Weight of Saturated Aqueous Vapour which can be contained in I kilo. 
of Air at Different Pressure and Temperatures—Calculation of the Necessary Weight and 
Volume of Air, and of the Least Expenditure of Heat, per Drying Apparatus with Heated 
Air, at the Atmospheric Pressure: A, With the Assumption that the Air is Completely Satur- 
ated with Vapour both before Entry and after Exit from the Apparatus—B, When the 
Atmospheric Air is Completely Saturated before entry, but at its exit is only 3, or 4 Saturated 
—C, When the Atmospheric Air is not Saturated with Moisture before Entering the Drying 
Apparatus—Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artificially 
Created, Higher or Lower than that of the Atmosphere—Drying by Means of Superheated 
Steam, without Air—Heating Surface, Velocity of the Air Current, Dimensions of the Drying 
Room, Surface of the Drying Material, Losses of Heat— Index. 


(See also * Evaporating, Condensing and Cooling Apparatus,” P. 26.) 


PURE AIR, OZONE AND WATER. A Practical Treatise 


of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. CowELL. Twelve Illustrations. Crown 
8vo. 85 pp. 1900. Price 5s.; India and Colonies, 5s. 6d.; Other 
Countries, 6s.; strictly net. 


Contents, e 

Atmospheric Air; Lifting of Liquids; Suction Process; Preparing Blown Oils; Preparing 
Siccative Drying Oils—Compressed Air; Whitewash—Liquid Air; Retrocession—Purification 
of Water; Water Hardness—Fleshings and Bones—Ozonised Air in the Bleaching and De- 
odorising of Fats, Glues, etc.; Bleaching Textile Fibres—Appendix: Air and Gases; Pressure 
of Air at Various Temperatures; Fuel; Table of Combustibles; Saving of Fuel by Heating 
Feed Water; Table of Solubilities of Scale Making Minerals; British Thermal Units Tables; 
Volume of the Flow of Steam into the Atmosphere; Temperature of Steam—Index. 


THE INDUSTRIAL USES OF WATER. COMPOSI- 
TION — EFFECTS—-TROUBLES — REMEDIES—RE- 
SIDUARY WATERS--PURIFICATION—ANALYSIS. 


By H. DELA Coux. Royal8vo. 400 pp. 135 Illustrations. Translated 
from the French. [In the press. 


Contents. 

Chemical Action of Water in Nature and in Industrial Use—Composition of Waters— 
Solubility of Certain Salts in Water Considered from the Industrial Point of View— Effects on 
the Boiling of Water— Effects of Water in the Industries—Difficulties with Water—Feed 
Water for Boilers—Water in Dyeworks, Print Works, and Bleach Works—Water in the 
Textile Industries and in Conditioning— Water in Soap Works— Water in Laundries and 
Washhouses— Water in Tanning— Water in Preparing Tannin and Dyewood Extracts— Water 
in Papermaking— Water in Photography— Water in Sugar Refining—Water in Making Ices 
and Beverages— Water in Cider Making— Water in Brewing— Water in Distilling—Preliminary 
Treatment and Apparatus—Substances Used for Preliminary Chemical Purification—Com- 
mercial Specialities and their Employment—Preecipitation of Matters in Suspension in Water 
—Apparatus for the Preliminary Chemical Purification of Water— Industrial Filters—Indus- 
trial Sterilisation of Water—Residuary Waters and their Purification—Soil Filtration— 
Purification by Chemical Processes—Analyses— Index. 

‘4 (See Books on Smoke Prevention, Engineering and Metallurgy, p. 26, etc.) 


Industrial Hygiene. 


THE RISKS AND DANGERS TO HEALTH OF VARI- 

OUS OCCUPATIONS AND THEIR PREVENTION. 

By LEONARD A. PARRY, M.D., B.S. (Lond.). 196 pp. Demy 8vo. 1900. 

Price 7s.6d.; India and Colonies, 8s. ; Other Countries, 8s. 6d.; strictly 
net. 

Contents. 
Occupations which are Accompanied by the Generation and Scattering of Abnormal 
Quantities of Dust— Trades in which there is Danger of Metallic Poısoning— Certain Chemi- 


cal Trades—Some Miscellaneous Occupations—Trades in which Various Poisonous Vapours 
are Inhaled—General Hygienic Considerations— Index. 
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X Rays. 


PRACTICAL X RAY WORK. By Frank T. Anppyman, 
B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London; 
Radiographer to St. George’s Hospital; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George’s Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. 1901. Price 10s. 6d.; India 
and Colonies, 11s.; Other Countries, 12s.; strictly net. 


Contents. 

Historical—Work leading up to the Discovery of the X Rays— The Discovery—Appara= 
tus and its Management—Electrical Terms—Sources of Electricity—Induction Coils— 
Electrostatic Machines—Tubes—Air Pumps— Tube Holders and Stereoscopic Apparatus— 
Fluorescent Screens—Practical X Ray Work—Installations—Radioscopy—Radiography— 
X Rays in Dentistry—X Rays in Chemistry—X Rays in War— Index. 


List of Plates. 

Frontispiece—Congenital Dislocation of Hip-Joint.—I., Needle in Finger.—II., Needle in 
Foot.—IIl., Revolver Bullet in Calf and Leg.—IV., A Method of Localisation.—V., Stellate 
Fracture of Patella showing shadow of “ Strapping ”.—VI., Sarcoma.—VII., Six-weeks-old 
Injury to Elbow showing new Growth of Bone. —VIII., Old Fracture of Tibia and Fibula 
badly set.—IX., Heart Shadow.—X., Fractured Femur showing Grain of Splint.—XI.. Bar- 
rell’s Method of Localisation. 


India-Rubber and Gutta Percha. 


INDIA-RUBBER AND GUTTA PERCHA. Translated 


from the French of T. SEELIGMANN, G. LAmyY TORVILHON and H. 
FALCONNET by JOHN GEDDES McInTosH. Royal 8vo. Eighty-six 
Ulustrations. Three Plates. 412 pages. 1903. Price 12s. 6d.; 
India and Colonies, 13s. 6d.; Other Countries, 15s.; strictly net. 


Contents. 

India-Rubber— Botanical Origin—Climatology—Soil—Rational Culture and Acclimation 
of the Different Species of India-Rubber Plants—Methods of Obtaining the Latex— Methods 
of Preparing Raw or Crude India-Rubber—Classification of the Commercial Species of 
Raw Rubber— Physical and Chemical Properties of the Latex and of India-Rubber— 
Mechanical Transformation of Natural Caoutchouc into Washed or Normal Caoutchouc 
(Purification) and Normal Rubber into Masticated Rubber—Softening, Cutting, Washing, 
Drying—Preliminary Observations—Vulcanisation of Normal Rubber—Chemical and Physical 
Properties of Vulcanised Rubber—General Considerations—Hardened Rubber or Ebonite— 
Considerations on Mineralisation and other Mixtures—Coloration and Dyeing—Analysis 
of Natural or Normal Rubber and Vulcanised Rubber— Rubber Substitutes—Imitation Rubber. 

Gutta Percha—Botanical Origin—Climatology—Soıl—Rational Culture—Methods of 
Collection—Classification of the Different Species of Commercial Gutta Percha—Physical 
and Chemical Properties—Mechanical Transformation— Methods of Analysing—Gutta Percha 


Substitutes— Index. 
Leather Trades. 


PRACTICAL TREATISE ON THE LEATHER IN- 


DUSTRY. By A. M. Vırron. Translated by Frank T. 
ADDyMANnN, B.Sc. (Lond.), F.I.C., F.C.S.; and Corrected by an Emi- 
nent Member of the Trade. 500 pp., royal Svo. 1901. 123 Illustra- 
tions. Price 21s.; India and Colonies, 22s.; Other Countries, 23s. 6d.; 
strictly net. 

Contents. 

Preface—Translator's Preface—List of Illustrations. 

Part I., Materials used in Tanning— Skins: Skin and its Structure; Skins used in 
Tanning; Various Skins and their Uses—Tannin and Tanning Substances: Tannin; Barks 
(Oak); Barks öther than Oak; Tanning Woods; Tannin-bearing Leaves; Excrescences; 
Tan-bearing Fruits; Tan-bearing Roots and Bulbs; Tanning Juices; Tanning Substances 
used in Various Countries; Tannin Extracts; Estimation of Tannin and Tannin Principles. 

Part II., Tanning—The Installation of a Tannary: Tan Furnaces; Chimneys, Boilers, 
etc.; Steam Engines—Grinding and Trituration of Tanning Substances: Cutting up Bark; 
Grinding Bark; The Grinding of Tan Woods; Powdering Fruit, Galls and Grains; Notes on. 
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the Grinding of Bark—Manufacture of Sole Leather: Soaking; Sweating and Unhairing; 
Plumping and Colouring; Handling; Tanning; Tanning Elephants’ Hides; Drying; 
Striking or Pinning—Manufacture of Dressing Leather: Soaking; Depilation; New Pro- 
cesses for the Depilation of Skins; Tanning; Cow Hides; Horse Hides; Goat Skins; Manu- 
facture of Split Hides—On Various Methods of Tanning: Mechanical Methods; Physical 
Methods; Chemical Methods; Tanning with Extracts—Quantity and Quality; [Quantity; 
Net Cost; Quality of Leather— Various Manipulations of Tanned Leather: Second Tanning; 
Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tanned Leather; 
Preservation of Leather—Tanning Various Skins. 

Part IIl.,, Currying — Waxed Calf: Preparation; Shaving; Stretching or Slicking; 
Oiling the Grain; Oiling the Flesh Side; Whitening and Graining; Waxing; Finishing; Dry 
Finishing; Finishing in Colour; Cost — White Calf: Finishing in White—Cow Hide for 
Upper Leathers: Black Cow Hide; White Cow Hide; Coloured Cow Hide—Smooth Cow 
Hide—Black Leather—Miscellaneous Hides: Horse; Goat; Waxed Goat Skin; Matt Goat 
Skin—Russia Leather: Russia Leather; Artificial Russia Leather. 

Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Furs 
and Artificial Leather—Enamelled Leather: Varnish Manufacture; Application of the 
Enamel; Enamelling ın Colour—Hungary Leather: Preliminary; Wet Work or Prepara- 
tion; Aluming; Dressing or Loft Work; Tallowing; Hungary Leather from Various Hides 
—Tawing: Preparatory Operations; Dressing; Dyeing Tawed Skins; Rugs—Chamoy Leather 
—Morocco: Preliminary Operations, Morocco Tannıng; Mordants used in Morocco Manu- 
facture; Natural Colours used in Morocco Dyeing; Artificial Colours; Different Methods 
of Dyeing; Dyeing with Natural Colours; Dyeing with Aniline Colours; Dyeing with 
Metallic Salts; Leather Printing; Finishing Morocco; Shagreen; Bronzed Leather—Gilding 
and Silvering: Gilding; Silvering; Nickel and Cobalt—Parchment—Furs and Furriery: 
Preliminary Kemarks; Indigenous Furs; Foreign Furs from Hot Countries; Foreign Kurs 
from Cold Countries; Furs from Birds’ Skins; Preparation of Furs; Dressing; Colouring; 
Preparation of Birds’ Skins; Preservation of Furs—Artificial Leather: Leather made from 
Scraps; Compressed Leather; American Cloth; Papier Mäche; Linoleum; Artificial Leather. 

Part V., Leather Testing and the Theory of Tanning— Testing and Analysis of Leather : 
Physical Testing of Tanned Leather; Chemical Analysis—The Theory of Tanning and the 
other Operations of the Leather and Skin Industry: Theory of Soaking; Theory of Un- 
hairing; Theory of Swelling; Theory of Handling; Theory of Tanning; Theory of the 
Action of Tannin on the Skin; Theory of Hungary Leather Making; Theory of Tawing; 
Theory of Chamoy Leather Making; Theory of Mineral Tanning. 

Part VI., Uses of Leather—Machine Belts: Manufacture of Belting; Leather Chain 
Belts; Various Belts, Use of Belts—Boot and Shoe-making: Boots and Shoes; Laces— 
Saddlery: Composition of a Saddle; Construction of a Saddle—Harness: The Pack Saddle; 
Harness—Military Equipment—Glove Making—Carriage Building— Mechanical Uses. i 

Appendix, The World’s Commerce in Leather—Europe; America; Asia; Africa; 
Australasia— Index 


THE LEATHER WORKERS MANUAL. Being a Com- 


pendium of Practical Recipes and Working Formuls for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers. By H.C. STAnDAGE. 165 pp. 1900. Price 
7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d.; strictly 
net, 


Contents. 

Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather— 
Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and 
Liquids, ete., ete.—Leather Grinders’ Sundries—Currier’s Seasonings, Blacking Compounds, 
Dressings, Finishes, Glosses, etc. —Dyes and Stains for Leather—Miscellaneous Information 
— Chrome Tannage—Index. 


Books on Pottery, Bricks, 


Tiles, Glass, etc. 


THE MANUAL OF PRACTICAL POTTING. Compiled 
by Experts, and Edited by Cnas. F. Bınns. Revised Third Edition 
and Enlarged. 200 pp. 1901. Price 17s. 6d.; India and Colonies, 
18Ss. 6d.; Other Countries, 20s.; strictly net. 

Contents. r 
Introduction. The Rise and Progress of the Potter's Art—Bodies. China and Porcelain 
Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, Earthenwares 


Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, Coloured 
Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, Body 
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Stains, Coloured Dips—Glazes. China Glazes, Ironstone Glazes, Earthenware Glazes, 
Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours—Gold and 
Gold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured Bases, 
Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Flow Powders, Oils and Varnishes—Means and Methods. Reclamation of Waste Gold, 
The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold—Classification and 
Analysis. Classification of Clay Ware, Lord Playfair’s Analysis of Clays, The Markets of 
the World, Time and Scale of Firing, Weights of Potter’s Material, Decorated Goods 
Count—Comparative Loss of Weight of Clays—Ground Felspar Calculations—The Conver- 
sion of Slop Body Recipes into Dry Weight—The Cost of Prepared Earthenware Clay— 
Forms and Tables. Articles of Apprenticeship, Manufacturer’s Guide to Stocktaking, 
Table of Relative Values of Potter’s Materials, Hourly Wages Table, Workman’s Settling 
Table, Comparative Guide for Earthenware and China Manufacturers in the use of Slop Flint 
and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table for the 
Conversion of Metrical Weights and Measures on the Continent and South America— Index. 


CERAMIC TECHNOLOGY: Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by CHARLES 
F. Bınns. 100 pp. Demy 8vo. 1897. Price 12s. 6d.; India and 
Colonies, 13s. 6d.; Other Countries, 15s.; strictly net. 


Contents. 
Preface—The Chemistry of Pottery — Analysis and Synthesis — Clays and their Com- 
ponents — The Biscuit Oven — Pyrometry — Glazes and their Composition — Colours and 
Colour-making— Index. 


COLOURING AND DECORATION OF CERAMIC 


WARE. By Arex. BRonGnIart. With Notes and Additions 
by ALPHONSE SALVETAT. Translated from the French. 200 pp. 1898. 
Price 7s. 6d.; India and [Colonies, 8s.; Other Countries, Ss. 6d. 
strictly net. 


A TREATISE ON THE CERAMIC INDUSTRIES. A 


Complete Manual for Pottery, Tile and Brick Works. By EMILE 
Bourry. Translated from the French by WıLTon P. Rıx, Examiner 
in Pottery and Porcelain to the City and Guilds of London Technical 
Institute, Pottery Instructor to the Hanley School Board. Royal 
8vo. 1901. Over 700 pp. Price 21s.; India and Colonies, 22s.; 
Other Countries, 23s. 6d.; strictly net. 


Contents. 

Part I., General Pottery Methods. Definition and History. Definitions and Classifi- 
cation of Ceramic Products—Historice Summary of the Ceramic Art—Raw Materials of 
Bodies. Clays: Pure Clay and Natural Clays—Various Raw Materials: Analogous to Clay— 
Agglomerative and Agglutinative—Opening—Fusible—Refractory—Trials of Raw Materials 
—Plastie Bodies. Properties and Composition—Preparation of Raw Materials: Disaggrega- 
tion—Purification—Preparation of Bodies: By Plastic Method—By Dry Method—By Liquid 
Method— Formation. Processes of Formation: Throwing—Expression— Moulding by Hand, 
on the Jolley, by Compression, by Slip Casting—Slappıng—Slipping—Drying. Drying of 
Bodies—Processes of Drying: By Evaporation—By Aeration—By Heating—By Ventilation 
—By Absorption — Glazes. Composition and Properties—Raw Materials — Manufacture 
and Application—Firing. Properties of the Bodies and Glazes during Firing—Description 
of the Kilns—Working of the Kilns — Decoration. Colouring Materials — Processes of 
Decoration. 

Part II., Special Pottery Methods. Terra Cottas. Classification: Plain Ordinary, 
Hollow, Ornamental, Vitrified, and Light Bricks—Ordinary and Black Tiles— Paving Tiles— 
Pipes—Architectural Terra Cottas—Vases, Statues and Decorative Objects—- Common Pottery 
—Pottery for Water and Filters—Tobacco Pipes—Lustre Ware— Properties and Tests for 
Terra Cottas — Fireclay Goods. Classification: Argillaceous, Aluminous, Carboniferous, 
Silicious and Basic Fireclay Goods—Fireclay Mortar (Pug)—Tests for Fireclay Goods— 
Faiences. Varnished Faiences—Enamelled Faiences—Silicious Faiences—Pipeclay Faiences 
—Pebble Work—Feldspathic Faiences—Composition, Processes of Manufacture and General 
Arrangements of Faience Potteries—Stoneware. Stoneware Properly So-called: Paving 
Tiles—Pipes—Sanitary Ware—Stoneware for Food Purposes and Chemical Productions— 
Architectural Stoneware—Vases, Statues and other Decorative Objects—Fine Stoneware 
—Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, for Electrical 
Conduits, for Mechanical Purposes; Architectural Porcelain, and Dull or Biscuit Porcelain— 
Soft Phosphated or English Porcelain—Soft Vitreous Porcelain, French and New Sevres— 
Argillaceous Soft or Seger’s Porcelain—Dull Soft or Parian Porcelain—Dull Feldspathic 
Soft Porcelain—Index. 
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ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 


melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By LEON LEFEVRE. 
With Five Plates. 950 Illustrations in the Text, and numerous estimates. 
500 pp., royal 8vo. 1900. Translated from the French by K. H. Bırp, 
M.A., and W. Moore Bınns. Price 15s.; India and Colonies, 16s. ; 
Other Countries, 17s. 6d.; strictly net. 


Contents. 

Part I. Plain Undecorated Pottery.—Clays: Classification; General Properties and 
Composition; Working of Clay-Pits—Open Pits—Underground Pits. Preparation of the 
Clay. Bricks: Hand and Machine Moulding—Expression Machines—Dies—Cutting-tables— 
General Remarks on the Choice of Machines—Types of Installations—Estimates—Plenishing, 
Hand and Steam Presses—Drying, by Exposure to Air, Without Shelter, and Under Sheds 
—Drying-rooms in Tiers, Closed Drying-rooms, in Tunnels, in Galleries—Detailed Estimates 
of the Various Drying-rooms, Comparison of Prices—Transport from the Machines to 
the Drying-rooms—Firing—In Clamps—In Intermittent Kilns—Continuous Kilns: with Solid 
Fuel: Round Kiln, Rectangular Kiln, Chimneys (Plans and Estimates)—With Gas Fuel, 
Fillard Kiln (Plans and Estimates), Water-gas Kiln—Heat Production of the Kilns; Dimen- 
sions, Shapes, Colours, Decoration, and Quality of Bricks—Hollow Bricks, Dimensions and 
Prices of Bricks, Various Shapes, Qualities—Use of Bricks—Walls, Arches, Pavements, Flues, 
Cornices—Facing with Coloured Bricks—Balustrades. Tiles: Manufacture—Moulding, by 
Hand, by Machinery: Preparation of the Clay—Preparation of the Slabs, Transformation into 
Flat Tiles, into Jointed Tiles—Screw, Cam and Revolver Presses—Particulars of Tile-presses 
—Drying-—-Planchettes, Shelves, Drying- -barrows and Trucks—Firing—Divided Kilns—Instal- 
lation of Mechanical Tileworks—Estimates; Shapes, Dimensions and Uses of the Principal 
Types of Tile—Ancient Tiles—Foreign Tiles—Special Tiles—Ridge Tiles, Coping Tiles, Border 
Tiles, Frontons, Gutters, Antefixes, Membron, Angular—Roofing Accessories: Chimney-pots, 
Mitrons, Lanterns, Chimneys—Qualities of Tiles—Black Tiles—Stoneware Tiles—Particulars 
of Tiles. Pipes: Conduit Pipes—Manufacture—Moulding : Horizontal Mazhines, Vertical 
Machines—Drying—Firing—Chimney Flues—Ventiducts and “ Boisseaux,” “* Waggons "— 
Particulars of these Products. Quarries: Plain Quarries of Ordınary Clay; of Cleaned 
Clay—Machines, Cutting, Mixing, Polishing—Drying and Firing—Applications—Particulars of 
Quarries. Terra=cotta: History — Manufacture — Application : Balustrades, Columns, 
Pilasters, Capitals, Friezes, Frontons, Medallions, Panels, Rose-windows, Ceilings— 
Appendix: Official Methods of Testing Terra-cottas. 

Part II. Made-up or Decorated Pottery.—General Remarks on the Decoration of 
Pottery: Dips—Glazes: Composition, Colouring, Preparation, Harmony with Pastes— 
Special Processes of Decaration—Enamels, Opaque, Transparent, Colours, Underglaze, 
Over-glaze—Other Processes : Crackling, Mottled, Flashing, Metallic Iridescence, Lustres. 
Glazed and Enamelled Bricks—History: Glazing—Enamelling—Applications: Ordinary 
- Enamelled Bricks, Glazed Stoneware, Enamelled Stoneware—Enamelled Tiles. Decorated 
Quarries: Paving Quarries—Decorated with Da Applications—Plain or In- 
crusted Stoneware; Manufacture—Application—Colouring, Manufacture, Moulding, Drying, 
Firing—Applications—Facing Quarries—in Faience—of Glazed Stoneware—of Porcelain— 
Applications of Facing Quarries—Stove Quarries—Preparation of the Pastes, Moulding, 
Firing, Enamelling, Decoration—Applications—Faiences for Fireplaces. Architectural De- 
corated Pottery: Faiences; Stoneware; Porcelain. Sanitary Pottery: Stoneware Pipes: 
Manufacture, Firing—Applications—Sinks—Applications—Urinals, Seats and Pans—Applica- 
tions—Drinking-fountains, Washstands— Index. 


THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. HowartH. Second Edition. 


1900. Paper Cover. Price ls. net; by post, home or abroad, Is. 1d. 


HOW TO ANALYSE CLAY. Practical Methods for Prac- 


tical Men. By HoLpEn M. Asnupy, Professor of Organic Chemistry, 
Harvey Medical College, U.S.A. Twenty Illustrations. 1898. Price 
2s. 6d.; Abroad, 3s.; strictly net. 


NOTES ON POTTERY CLAYS. Their Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. FAIRIE, F.G.S. 1901. 132 pp. Crown 8vo. Price 
3s. 6d.; India and Colonies, 4s.; Other Countries, 4s. 6d.; strictly net. 
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A Reissue of 


THE HISTORY OF THE STAFFORDSHIRE POTTER- 
IES;, AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 


With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By SımEeon SHaw. (Originally Published in 1829.) 265 pp. 
1900. Demy 8vo. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d.; strictly net. 


Contenis. 

Introductory Chapter showing the position of the Pottery Trade at the present time 
«1899)—Preliminary Remarks—The Potteries, comprising Tunstall, Brownhills, Green- 
field and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Longport and Dale Hall, 
Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, Fenton, Lane Delph, 
Foley, Lane End—On the Origin of the Art, and its Practice among the early Nations— 
Manufacture of Pottery, prior to 1700—The Introduction of Red Porcelain by Messrs. 
Elers, of Bradwell, 1690—Progress of the Manufacture from 1700 to Mr. Wedgwood’s 
commencement in 1760—Introduction of Fluid Glaze—Extension of the Manufacture of 
Cream Colour—Mr. Wedgwood's Queen’s Ware—Jasper, and Appointment of Potter to Her 
Majesty—Black Printing—Introduction of Porcelain. Mr. W. Littler’s Porcelain—Mr. 
Cookworthy’s Discovery of Kaolin and Petuntse, and Patent—Sold to Mr. Champion—re- 
sold to the New Hall Com.— Extension of Term—Blue Printed Pottery. Mr. Turner, Mr. 
Spode (1), Mr. Baddeley, Mr. Spode (2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton— 
Great Change in Patterns of Blue Printed—Introduction of Lustre Pottery. Improve- 
‚ments in Pottery and Porcelain subsequent to 1800. 


A Reissue of 


THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By SımEon ShHaw. 
(Originally published in 1837.) 750 pp. 1900. Royal Svo. Price 14s.; 
India and Colonies, 15s.; Other Countries, 16s. 6d.; strictly net. 

: Contents. 

PART L., ANALYSIS AND MATERIALS.— Introduction : Laboratory and Apparatus; 
Elements—Temperature—Acids and Alkalies—The Earths—Metals. 

PART IL, SYNTHESIS AND COMPOUNDS.— Science of Mixing—Bodies: Porcelain 
—Hard, Porcelain—Fritted Bodies, Porcelain—Raw Bodies, Porcelain—Soft, Fritted Bodies, 
Raw Bodies, Stone Bodies,'Ironstone, Dry Bodies, Chemical Utensils, Fritted Jasper, Fritted 
Pearl, Fritted Drab, Raw Chemical Utensils, Raw Stone, Raw Jasper, Raw Pearl, Raw Mortar, 
Raw Drab, Raw Brown, Raw Fawn, Raw Cane, Raw Red Porous, Raw Egyptian, Earthenware, 
Queen’s Ware, Cream Colour, Blue and Fancy Printed, Dipped and Mocha, Chalky, Rings, 
Stilts, ete.—Glazes: Porcelain—Hard Fritted Porcelain—Soft Fritted Porcelain — Soft 
Raw, Cream Colour Porcelain, Blue Printed Porcelain, Fritted Glazes, Analysis of Fritt, 
Analysis of Glaze, Coloured Glazes, Dips, Smears and Washes; Glasses: Flint Glass, 
Coloured Glasses, Artificial Garnet, Artificial Emerald, Artificial Amethyst, Artificial Sap- 
phire, Artificial Opal, Plate Glass, Crown Glass, Broad Glass, Bottle Glass, Phosphoric Glass, 
British Steel Glass, Glass-Staining and Painting, Engraving on Glass, Dr. Faraday’s Experi- 
ments—Colours: Colour Making, Fluxes or Solvents, Components of the Colours; Reds, 
etc., from Gold, Carmine or Rose Colour, Purp!e, Reds, etc., from Iron, Blues, Yellows, 


Greens, Blacks, White, Silver for Burnishing, Go!d for Burnishing, Printer’s Oil, Lustres. 
TABLES OF THE CHARACTERISTICS OF CHEMICAL SUBSTANCES. 


Glassware, Glass Staining and 


Painting. 
RECIPES FOR FLINT GLASS MAKING. By a British 


Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Price for United Kingdom, 10s. 6d.; Abroad, 15s.: 
United States, $4; strictly net. 
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Contents. 

Ruby—Ruby from Copper—Flint for using with the Ruby for Coating—A German Metal— 
Cornelian, or Alabaster—Sapphire Blue—Crysophis—Opal—Turquoise Blue—Gold Colour— 
Dark Green— Green (common)— Green for Malachite—Blue for Malachite—Black for Mela- 
chite—Black—Common Canary Batch—Canary— White Opaque Glass—Sealing-wax Red— 
Flint—Flint Glass (Crystal and Demi)—Achromatic Glass—Paste Glass—White Enamel— 
Firestone— Dead White (for moons)— White Agate—Canary— Canary Enamel—Index. 


A TREATISE ON THE ART OF GLASS PAINTING. 


Prefaced with a Review of Ancient Glass. By ERNEST R. SUFFLING. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. 1902. Price 7s.6d.; India and Colonies, 8s. ; Other Countries, 
Ss. 6d. net. 


Contents. 
A Short History of Stained Glass—Designing Scale Drawings— Cartoons and the Cut Line 
— Various Kinds of Glass Cutting for Windows— The Colours and Brushes used in Glass 
Painting—Painting on Glass, Dispersed Patterns—Diapered Patterns—Aciding—Firing— 
Fret, Lead Glazing—Index. 


PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 


Preparation of allthe Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. By FELIX HERMANN, Technical Chemist. With 
Eighteen Illustrations. 300 pp. Translated from the German second 
and enlarged Edition. 1897. Price 10s. 6d.; India and Colonies, 
Lls.; Other Countries, 128, ; jstrfetly net, 


Contents. 

History of Glass Painting— Ihe Articles to be Painted : Glass, Porcelain, Enamel, Stone- 
ware, Faience—Pigments: Metallic Pigments: Antimony Oxide, Naples Yellow, Barium 
Chromate, Lead Chromate, Silver Chloride, Chromic Oxide—Fluxes: Fluxes, Felspar, 
Quartz, Purifying Quartz, Sedimentation, Quenching, Borax, Boracie Acid, Potassium and 
Sodium Carbonates, Rocaille Flux — Preparation of the Colours for Glass Painting — The 
Colour Pastes—The Coloured Glasses—Composition of the Porcelain Colours—The Enamel 
Colours: Enamels for Artistic Work—Metallic Ornamentation : Porcelain Gilding, Glass 
Gilding—Firing the Colours: Remarks on Firing: Firing Colours on Glass, Firing Colours on 
Porcelain; The Muffle—Accidents occasionally Supervening during the Process of Firing— 
Remarks on the Different Methods of Painting on Glass, Porcelain, etc. —Appendix: Cleaning 
Old Glass Paintings. 


Paper Staining. 


THE DYEING OF PAPER PULP. A Practical Treatise for 


the use of Papermakers, Paperstainers, Students and others. By 
JuLıuUs ERFURT, Manager of a Paper Mill. Translated into English 
and Edited with Additions by JuLIUS HÜBNER, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns of paper dyed in the pulp. Royal 
8vo, 180 pp. 1901. Price 15s.; India and Colonies. 16s.; Other 
Countries, 20s.; strictly net. Limited edition. 


Contents. 

Behaviour of the Paper ribres during the Process of Dyeing, Theory of the 
Mordant—Colour Fixing Mediums (Mordants)— Influence of the Quality of the Water 
Used—Inorganic Colours—Organic Colours— Practical Application of the Coal Tar 
Colours according to their Properties and their Behaviour towards the Different 
Paper Fibres—Dyed Patterns on Various Pulp Mixtures—Dyeing to Shade—Index. 


Enamelling on Metal. 
ENAMELS AND ENAMELIING. For Enamel Makers, 


Workers in Gold and Silver, and Manufacturers of Objects of Art. 
By Pau Ranpav. Translated from the German. With Sixteen Illus- 
trations. 180 pp. 1900. Price 10s. 6d.; India and ‘Colonies, 11s.; 
Other Countries, 12s.; strictly net. 
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Contents. 

Composition and Properties of Glass—Raw Materials for the Manufacture of Enamels— 
‘Substances Added to Produce Opacity—Fluxes—Pigments—Decolorising Agents— Testing 
the Raw Materials with the Blow-pipe Flame—Subsidiary Materials — Preparing the 
Materials for Enamel Making—Mixing the Materials—The Preparation of Technical Enamels, 
The Enamel Mass—Appliances for Smelting the Enamel Mass—Smelting the Charge— 
«Composition of Enamel Masses—Composition of Masses for Ground Enamels—Composition 
of Cover Enamels—Preparing the Articles for Enamelling—Applying the Enamel—Firing 
the Ground Enamel—Applying and Firing the Cover Enamel or Glaze—Repairing Defects 
in Enamelled Ware—Enamelling Articles of Sheet Metal—Decorating Enamelled Ware— 
Specialities in Enamelling—Dial-plate Enamelling—Enamels for Artistic Purposes, Recipes 
for Enamels of Various Colours—Index. 


THE ART OF ENAMELLING ON METAL. By W. 


NORMANn BROWN. Twenty-eight lllustrations. Crown 8vo. 60 pp. 
1900. Price 2s. 6d.; Abroad, 3s.; strictly net. 


Silk Manufacture. 


SILK THROWING AND WASTE SILK SPINNING. 


By HorLıns RAyNER. Demy Svo. 130 Illustrations. 
[In the Press. 


. Contents. 

The Silkworm—Cocoon Reeling and Qualities of Silk—Silk Throwing—Silk Wastes—The 
Preparation of Silk Waste for Degumming—Silk Waste Degumming, Schapping and Dis- 
‚charging—The Opening and Dressing of Wastes—Silk Waste “ Drawing” or “ Preparing” 
Machinery—Long Spinning— Short Spinning—Spinning and Finishing Processes—Utilisation 
‚of Waste Produets—Noil Spinning—Exhaust Noil Spinning. 


Books on Textile and Dyeing 


Subjects. 


THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES: Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. GEORG VON 
GEORGIEVICS. Translated from the German by CHARLES SALTER. 
320 pp. Forty-seven Illustrations. Royal Svo. 1902. Price 10s. 6d.; 
India and Colonies, 11s.; Other Countries, 12s. net. 


e . ' Contents, 

The Textile Fibres—Artificial |Fibres—Mineral Fibres—Vegetable Fibres—Cellulose— 
Cutton—Bombax Cotton— Vegetable Silk—Flax—Hemp—Jute—Ramie, Rhea, China Grass, 
Nettle Fibre—Distinguishing Tests for the Various Fibres—Animal Fibres: Silk—Animal 
Hairs—Sheep’s Wool—Goat Wool and Camel Wool—Artificial Wool (Wool Substitutes)— 
Conditioning—Washing, Bleaching, Carbonising—Bleaching Agents—Cotton Bleaching 
—Linen Bleaching—Jute Bleaching—Hemp Bleaching—Ramie Bleaching—Scouring and 
Bleaching Silk—Washing and Bleaching Wool—Blueing or White Dyeing—Carbonising— 
Mordants and Mordanting — Dyeing—Combination of Colours: Dyeing to Pattern 
— Theory of Dyeing— Classification of Dye Stuffs: Methods of Dyeing — Application 
of Acid Dye Stuffs—Application of Basic Dye Stuffs—Application of Direct or Substantive 
Cotton Dyes—Application of the Mordant Dyes— Application of the Developing Dyes—Dyeing 
on a Manufacturing Scale: Selection of Dye Stuffs for Dyeing—Silk Dyeing—Wool 
Dyeing—-Cotton Dyeing—Dyeing Mixed Fabrics—Sample Dyeings, Colorimetric Determina- 
tions, Reactions of Dye Stuffs on the Fibre, Tests for Fastness—Printing—Hand Printing 
—Calico Printing: Reproduction of Pattern by Direct Printing: Thickening Agents—Em- 
ployment of Mordant Dye Stuffs, Basic, Albumin, Direct, Developing, Vat, Acid— Treatment 
of the Goods when Printed—Combined Printing and Dyeing—Discharge Style Printing— 
Reserve Style Printing—Topping Printing—Wool Printing—Silk Printing—Printing Yarns, 
Warps, and ‚Combed Sliver—Dressing and Finishing—Dressing and Finishing—Substances 
used in Finishing—Loading Ingredients—Colouring for the Dressing Preparations—Metals 
or their Sulphites—Waterproofing—Fireproofing—Antiseptics for Prevention of Mould— 
Application of Dressings—Drying—Stretching—Finishing: Shearing, Damping, Calendering, 
Beetling, Moire or Watered Effects, Stamping—Finishing Woollens—Index. 
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POWER-LOOM WEAVING AND YARN NUMBERING, 


According to Various Systems, with Conversion Tables. Translated 
from the German of ANTHON GRUNER. With Twenty-six Diagrams 
in Colours. 150 pp. 1900. Crown 8vo. Price 7s. 6d.; India and 
Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 

Contents. 

Power-Loom Weaving in General. Various Systems of Looms—Mounting and 
Starting the Power-Loom. English Looms—Tappet or Treadle Looms—Dobbies— 
General Remarks on the Numbering, Reeling and Packing of Yarn—Appendix— Useful 
Hints. Calculating Warps—Weft Calculations—Calculations of Cost Price in Hanks. 


TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 


Materials and the Technology of the Spinning Process.) By JuLıus 
ZıpsER. Translated from German by CHARLES SALTER. 302 Illus- 
trations. 500 pp. Demy 8vo. 1901. Price 10s. 6d.; India and 
Colonies, 11s.; Other Countries, 12s. ; stricetly net. 
Contents. 
PART 1.—The Raw Materials Used in the Textile Industry. 

MINERAL RAw MATERIALS. VEGETABLE RAW MATERIALS. ANIMAL RAw MATERIALS. 
PART 11.— The Technology of Spinning or the Conversion of Textile Raw 
Materials into Yarn. 

SPINNING VEGETABLE RAw MATERIALS. Cotton Spinning—Installation of a Cotton 
Mill—Spinning Waste Cotton and Waste Cotton Yarns—Flax Spinning—Fine Spinning—Tow 
Spinning—Hemp Spinning—Spinning Hemp Tow String—Jute Spinning— Spinning Jute Line 
Yarn—Utilising Jute Waste. 

DR PART IlNl.— Spinning Animal Raw Materials. 

Spinning Carded Woollen Yarn—Finishing Yarn—Worsted Spinning—Finishing Worsted 
Yarn—Artificial Wool or Shoddy Spinning—Shoddy and Mungo Manufacture— Spinning 
en and other Wool Substitutes—Spinning Waste Silk—Chappe Silk—Fine Spinning— 
ndex, 


THE TECHNICAL TESTING OF YARNS AND TEX- 
TILE FABRICS. With Reference to Official Specifica- 


tions. Translated from the German of Dr. J. HERZFELD. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 1902. Price 
10s. 6d.; India and Colonies, 11s.; Other Countries, 12s.; strictly net. 


Contents. 

Yarn Testing. Determining the Yarn Number—Testing the Length of Yarns— 
Examination of the External Appearance of Yarn—Determining the Twist of Yarn 
and Twist — Determination of Tensile Strength and Elasticity — Estimating the 
Percentage of Fat in Yarn—Determination of Moisture (Conditioning)— Appendix. 


DECORATIVE AND FANCY TEXTILE FABRICS. 
By R. T. Lord. Manufacturers and Designers of Carpets, Damask, 
Dress and all Textile Fabrics. 200 pp. 1898. Demy 8vo. 132 Designs 
and Illustrations. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d.; strictly net. 

Contents. . 2 
A Few Hints on Designing Ornamental Textile Fabrics—A Few Hints on Designing Orna- 
mental Textile Fabrics (continued)—A Few Hints on Designing Ornamental Textile Fabrics 

(continued)—A Few Hints on Designing Ornamental Textile Fabrics (continued)—Hints for 

Ruled-paper Draughtsmen— The Jacquard Machine—Brussels and Wilton Carpets—Tapestry 

Carpets—Ingrain Carpets—Axminster Carpets—Damask and Tapestry Fabries—Scarf Silks 


and Ribbons—Silk Handkerchiefs— Dress Fabries—Mantle Cloths—Figured Plush—Bed Quilts 
—Calico Printing. 


THEORY AND PRACTICE OF DAMASK WEAVING. 


By H. Kınzer and K. WALTER. Royal 8vo. Eighteen Plates. Six 
Illustrations. Translated from the German. [In the press. 


Contents. 

The Various Sorts of Damask Fabrics—Drill (Ticking, Handloom-made)— Whole 
Damask for Tablecloths—Damask with Ground- and Connecting-warp Threads—Furniture 
Damask—Lampas or Hangings—Church Damasks—The Manufacture of Whole Damask 
—Damask Arrangement withand without Cross-Shedding— The Altered Cone-arrangement— 
The Principle of the Corner Lifting Cord—The Roller Principle—The Combination of the 
Jacquard with the so-called Damask Machine—The Special Damask Machine—The Combina- 
tion of Two Tyings. 
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FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicoras 


REISER. Translated from the Second German Edition. Crown 8vo. 
Sixty-three Illustrations. [In the press. 


Contents. _ 

Improperly Chosen Raw Material or Improper Mixtures—Wrong Treatment of the 
Material in Washing, Carbonisation, Drying, Dyeing and Spinning—Improper Spacing of the 
Goods in the Loom— Wrong Placing of Colours—Wrong Weight or Width of the Goods 
— Breaking of Warp and Weft Threads—Presence of Doubles, Singles, Thick, Loose, 
and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like—Errors in 
Cross-weaving—Inequalities, i.e., Bands and Stripes—Dirty Borders—Defective Selvedges— 
Holes and Buttons—Rubbed Places—Creases—Spots—Loose and Bad Colours—Badly Dyed 
Selvedges—Hard Goods— Brittle Goods— Uneven Goods— Removal of Bands, Stripes, 
Creases and Spots. 


Dyeing, Colour Printing, 
Matching and Dye-stufis. 


THE COLOUR PRINTING OF CARPET YARNS. Manual 


for Colour Chemists and Textile Printers. By Davıp PATERSON, 
F.C.S. Seventeen Illustrations. 136 pp. Demy 8vo. 1900. Price 
7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 


Contents. 

Structure and Constitution of Wool Fibre—Yarn Scouring—Scouring Materials — Water for 
Scouring—Bleaching Carpet Yarns—Colour Making for Yarn Printing—Colour Printing 
Pastes—Colour Recipes for Yarn Printing— Science of Colour Mixing—Matching of Colours 
—“* Hank” Printing—Printing Tapestry Carpet Yarns—Yarn Printing—Steaming Printed 
Yarns— Washing of Steamed Yarns—Aniline Colours Suitable for Yarn Printing—Glossary of 
Dyes and Dye-wares used in Wood Yarn Printing— Appendix. 


THE SCIENCE OF COLOUR MIXING. A Manual in- 


tended for the use of Dyers, Calico Printers and Colour Chemists. By 
Davıp PATERSoN, F.C.S. Forty-one Illustrations, Five Coloured Plates, 
and Four Plates showing Eleven Dyed Specimens of Fabrics. 132 
pp: Demy 8vo. 1900. Price 7s. 6d.; India and Colonies, Ss.; Other 
Countries, 8s. 6d. ; strictly net. 


Contents. 

Colour a Sensation ; Colours of Illuminated Bodies; Colours of Opaque and Transparent 
Bodies; Surface Colour—Analysis of Light; Spectrum; Homogeneous Colours; Ready 
Method of Obtaining a Spectrum—Examination of Solar Spectrum; The Spectroscope and 
Its Construction ; Colourists’ Use of the Spectroscope—Colour by Absorption ; Solutions and 
Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight—Colour Primaries of the Scientist 
versus the Dyer and Artist; Colour Mixing by Rotation and Lye Dyeıing; Hue, Purity,. 
Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours—Colour Mixing; Pure 
and Impure Greens, Orange and Violets; Large Varıety of Shades from few Colours; Con- 
sideration of the Practical Primaries: Red, Yellow and Blue—Secondary Colours; Nomen- 
clature of Violet and Purple Group; Tints and Shades of Violet; Changes in Artificial Light 
—Tertiary Shades; Broken Hues; Absorption Spectra of Tertiary Shades—Appendix: Four 
Plates with Dyed Specimens Illustrating Text— Index. 


COLOUR MATCHING ON TEXTILES. A Manual in- 


tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By Davıp PATERSoN, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens of Dyed 
Fabrics. Demy 8vo. 132 pp. 1901. Price 7s. 6d.; India and Colonies, 
Ss.; Other Countries, 8s. 6d.; strictly net. 2 


Contents. 

Colour Vision and Structure of the Eye—Perception of Colour— Primary and Comple- 
mentary Colour Sensations—Daylight for Colour Matching—Selection of a Good Pure Light 
—Diffused Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight, etc., ete.— 
Matching of Hues—Purity and Luminosity of Colours— Matching Bright Hues—Aid of Tinted 
Films—Matching Difficulties Arising from Contrast—Examination of Colours by Reflectedi 
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and Transmitted Lights—Effect of Lustre and Transparency of Fibres in Colour Matching 
— Matching of Colours on Velvet Pile—Optical Properties of Dyestuffs. Dichroism, Fluor- 
escence—Use of Tinted Mediums—Orange Film—Defects of the Eye—Yellowing of the Lens 
—Colour Blindness, etc. —Matching of Dyed Silk Trımmings and Linings and Bindings—Its 
Difficulties—Behaviour of Shades in Artificial Light—Colour Matching of Old Fabrics, ete.— 
Examination of Dyed Colours under the Artificial Lights—Electric Arc, Magnesium and Dufton, 
Gardner Lights, Welsbach, Acetylene, etc. —Testing Qualities of an Illuminant—Influence 
of the Absorption Spectrum in Changes of Hue under the Artificial Lights—Study of the 
Causes of Abnormal Modifications of Hue, etc. 


COLOUR: A HANDBOOK OF THE THEORY OF 


COLOUR. By GeEorGE H. Husst, F.C.S. With Ten 
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
1900. Price 7s. 6d.; India and Colonies, Ss.; Other Countries, 8s.6d.; 
strictly net. 


Contents. 

Colour and Its Production. Light, Colour, Dispersion of White Light, Methods of 
Producing the Spectrum, Glass Prism and Diffraction Grating Spectroscopes, The Spectrum, 
Wave Motion of Light, Recomposition of White Light, Hue, Luminosity, Purity of Colours, 
The Polariscope, Phosphorescence, Fluorescence, Interference—Cause of Colour in Coloured 
Bodies. Transmitted Colours, Absorption Spectra of Colouring Matters—Colour Pheno= 
mena and Theories. Mixing Colours, White Light from Coloured Lights, Effect of 
Coloured Light on Colours, Complementary Colours, Young Helmholtz Theory, Brewster 
Theory, Supplementary Colours, Maxwell's Theory, Colour Photography— The Physiology 
ofLight. Structure of the Eye, Persistence of Vision, Subjective Colour Phenomena, Colour 
Blindness—Contrast. Contrast, Simultaneous Contrast, Successive Contrast, Contrast of 
Tone, Contrast of Colours, Modification of Colours by Contrast, Colour Contrast in Decorative 
Design—Colour in Decoration and Design. Colour Harmonies, Colour Equivalents, 
Illumination and Colour, Colour and Textile Fabrics, Surface Structure and Colour— 
Measurement of:Colour. Colour Patch Method, The Tintometer, Chromometer. 


THE DYEING OF COTTON FABRICS: A Practical 


Handbook for the Dyer and Student. By FRANKLIN BEECH, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. 1901. Price 7s. 6d.; India 
and Colonies, 8s.; Other Countries, 8s. 6d.; strictly net. 


Contents. 


Structure and Chemistry of the Cotton Fibre—Scouring and Bleaching of Cotton—Dyeing 
Machinery and Dyeing Manipulations—Principles and Practice of Cotton Dyeing—Direct 
Dyeing; Direct Dyeing followed by Fixation with Metallic Salts; Direct Dyeing followed by 
Fixation with Developers; Direct Dyeing followed by Fixation with Couplers; Dyeing on 
Tannice Mordant; Dyeing on Metallic Mordant; Production of Colour Direct upon Cotton 
Fibres; Dyeing Cotton by Impregnation with Dye-stuff Solution—Dyeing Union (Mixed Cotton 
and Wool) Fabries—Dyeing Half Silk (Cotton-Silk, Satin) Fabries—Operations following 
Dyeing—Washing, Soaping, Drying—Testing of the Colour of Dyed Fabries—Experimental 
Dyeing and Comparative Dye Testing— Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
great range of colours. 


THE DYEING OF WOOLLEN FABRICS. By FrANnkKLIN 
BEECH, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy 8vo. 228 pp. 1902. ! Price 7s. 6d.; India and Colonies, Ss. ; 
Other Countries, 8s. 6d. net. 


IContents. 


The Wool Fibre—Structure, Composition and Properties—Processes Preparatory to Dyeing 
— Scouring and Bleaching of Wool—Dyeing Machinery and Dyeing Manipulations—Loose 
Wool Dyeing, Yarn Dyeing and Piece Dyeing Machinery—The Principles and Practice of 
Wool Dyeing—Properties of Wool Dyeing—Methods of Wool Dyeing—Groups of Dyes— 
Dyeing with the Direct Dyes—Dyeing with Basic Dyes—Dyeing with Acid Dyes—Dyeing 
with Mordant Dyes—Level Dyeing—Blacks on Wool—Reds on Wool—Mordanting of Wool— 
‚Orange Shades on Wool— Yellow Shades on Wool—Green Shades on Wool—Blue Shades on 
Wool—Violet Shades on Wool—Brown Shades on Wool—Mode Colours on Wool—Dyeing 
Union (Mixed Cotton Wool) Fabrics—Dyeing of Gloria—Operations following Dyeing— 
Washing, Soaping, Drying—Experimental Dyeing and Comparative Dye Testing—Testing of 
the Colour of Dyed Fabries—Index. 


ul 
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DYERS’ MATERIALS: An Introduction to the Examinatior,, 


Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By PAuL HEERMAN, Ph.D. 
Translated from the German by. A C. WRIGHT, M.A. (Oxon.), B.Sc. 
(Lond.). Twenty-four Illustrations. Crown 8vo. 150 pp. 1901. Price 
5s. ; India and Colonies, 5s. 6d. ; Other Countries, 6s. ; strictly net. 


Contents. 

Indicators— Standard Solutions—Solutions and Reagents in General Use—Water—Textile 
Fibres—Hydrochlorice Acid—Chlorides—Fluorides and Bifluorides -Sulphuric Acid—Sulphates 
—Nitric Acid and Nitrates—Chlorine-Oxygen Compounds—Sulphite Compounds—Miscellaneous 
Compounds—Alkalies—Peroxides—Zinc Dust—Fatty Acids and Their Salts—Cyanogen Com- 
pounds—Derivatives of the Fats—Tannins—Aniline and Aniline Salts—Thickening and 
Stiffening Materials: Starch, Prepared and Soluble Starch, Dextrine, Gum Arabic, Gum 
Senegal, Gum Tragacanth, Glue, Size—Dyes—Appendix: Atomic Weights of the Elements— 
Molecular Weights of Certain Compounds—Gravimetric Equivalents—Volumetric Equi- 
valents—Plate I., Microscopic Appearance of the Textile Fibres—Plate II., Microscopic 
Appearance of the Different Varieties of Starch—Index. 


Reissue of 


THE ART OF DYEING WOOL, SILK AND COTTON. 
Translated from the French of M. HELLOT, M. MAcguEr and M. LE 
PILEUR D’ArpLicny. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. 1901. Price 5s.; India and Colonies, 5s. 6d. ; 
Other Countries, 6s.; strictly net. 


Contenis. 
Part I., The Art of Dyeing Wool and Woollen Cloth, Stuffs, Yarn, Worsted, etc. 
Part II., The Art of Dyeing Silk. Part III., The Art of Dyeing Cotton and Linem 
Thread, together with the Method of Stamping !Silks, Cottons, etc. 


THE CHEMISTRY OF DYE-STUFFS. By Dr. GEorG Von 
GEORGIEVICS. Translated from the Second German Edition. 412 pp. 
Demy 8vo. 1903. Price 10s. 6d.; India and Colonies, I1s.; Other 
Countries, 12s.; strictly net. 


f Contents. 

Introduction—Coal Tar—Intermediate Products in the Manufacture of Dye-stuffs—The 
Artificial Dye-stuffs (Coal-tar Dyes)—Nitroso Dye-stuffs—Nitro Dye-stuffs—Azo Dye-stuffs— 
Substantive Cotton Dye-stuffs— Azoxystılbene Dye-stuffs— Hydrazones — Ketoneimides — 
Triphenylmethane Dye-stuffs—Rosolic Acid Dye-stuffs—Xanthene Dye-stuffs—Xanthone Dye- 
stuffs—Flavones—Oxyketone Dye-stuffs—Quinoline and Acridine Dye-stuffs -Quinonimide 
or Diphenylamine Dye-stuffs—The Azine Group: Eurhodines, Safranines and Indulines— 
Eurhodines— Safranines — Quinoxalines— Indigo — Dye-stuffs of Unknown Constitution — 
Sulphur or Sulphine Dye stuffs—Development of the Artificial Dye-stuff Industry— The 
Natural Dye-stuffs—Mineral Colours—Index, 


Bleaching and Washinse. 


A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 


L. TAILFER, Chemical and Mechanical Engineer. Translated from the 
French by JOHN GEDDES McIntosH. Demy 8vo. 303 pp. Twenty 
Ilusts. 1901. Price 12s. 6d.; India and Colonies, 13s. 6d.; Other 
Countries, 15s.; strictly net. 


Dr > Contents. 

General Considerations on Bleaching—Steeping— Washing: Its End and Importance— 
Roller Washing Machines—Wash Wheel (Dash Wheel)— Stocks or Wash Mill—Squeezing— 
Lye Boiling—Lye Boiling with Milk of Lime—Lye Boiling with Soda Lyes— Description of 
Lye Boiling Keirs—Operations of Lye Boiling—Concentration of Lyes—Mather and Platt's 
Keir—Description of the Keir—Saturation of the Fabrics—Alkali used in Lye Boiling— 
Examples of Processes—Soap—Action of ‘Soap in Bleaching— Quality and Quantity of Soaps 
to use in the Lye—Soap Lyes or Scalds—Soap Scouring Stocks— Bleaching on Grass or on 
the Bleaching Green or Lawn—Chemicking—Remarks on Chlorides and their Decolour- 
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ising Action—Chemicking Cisterns—Chemicking—Strengths, ete.—Sours— Properties of the 
Acids—Effects Produced by Acids—Souring Cisterns—Drying—Drying by Steam—Drying 
by Hot Air—Drying by Air—Damages to Fabries in Bleaching—Yarn Mildew—Fermentation 
—Iron Rust Spots—Spots from Contact with Wood—Spots incurred on the Bleaching Green 
—Damages arising from the Machines—Examples of Methods used in Bleaching—Linen— 
'Cotton— The Valuation of Caustic and Carbonated Alkali (Soda) and General Information 
Regarding these Bodies—Object of Alkalimetry—Titration of Carbonate of Soda—Com- 
parative Table of Different Degrees of Alkalimetrical Strength—Five Problems relative to 
Carbonate of Soda—Caustic Soda, its Properties and Uses—Mixtures of Carbonated and 
Caustic Alkali—Note on a Process of Manufacturing Caustic Soda and Mixtures of Caustic 
and Carbonated Alkali (Soda)—Chlorometry—Titration—Wagner’s Chlorometric Method— 
Preparation of Standard Solutions—Apparatus for Chlorine Valuation— Alkali in Excess in 
Decolourising Chlorides— Chlorine and Decolourising Chlorides — Synopsis—Chlorine— 
Chloride of Lime—Hypochlorite of Soda—Brochoki’s Chlorozone—Various Decolourising 
Hypochlorites—Comparison of Chloride of Lime and Hypochlorite of Soda— Water— 
Qualities of Water—Hardness—Dervaux’s Purifier—Testing the Purified Water—Different 
Plant for Purification—Filters—Bleaching of Yarn—Weight of Yarn—Lye Boiling— 
Chemicking—Washing—Bleaching of Cotton Yarn—The Installation of a Bleach Works— 
Water Supply— Steam Boilers— Steam Distribution Pipes—Engines—Keirs—Washing— 
Machines—Stocks— Wash Wheels—Chemicking and Souring Cisterns—Various—Buildings— 
Addenda— Energy of Decolourising Chlorides and Bleaching by Electricity and Ozone— 
Energy of Decolourising Chlorides—Chlorides—Production of Chlorine and Hypochlorites 
by Electrolysis—Lunge’'s Process for increasing the intensity of the Bleaching Power of 
Chloride of Lime—Trilfer's Process for Removing the Excess of Lime or Soda from De- 
colourising Chlorides—Bleaching by Ozone. 


Cotton Spinning and CGombing. 


COTTON SPINNING (First Year). By ThuomAs THORNLEY, 
Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus- 
trations. Crown 8vo. 1901. Price 3s.; Abroad, 3s. 6d.; strictly net. 
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Syllabus and Examination Papers of the City and Guilds of London Institute—Cultiva- 


tion, Classification, Ginning, Baling and Mixing of the Raw Cotton—Bale-Breakers, Mixing 
Lattices and Hopper Feeders—Opening and Scutching—Carding—Indexes. 


COTTON SPINNING (Intermediate, or Second Year). By 
THOMAS THORNLEY. 180 pp. Seventy Illustrations. Crown 8vo. 1901. 
Price 5s.; India and British Colonies, 5s: 6d. ; Other Countries, 6s.; 
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Syliabuses and Examination Papers of the City and Guilds of London Institute—The 
Combing Process—The Drawing Frame—Bobbin and Fly Frames—Mule Spinning—Ring 
Spinning—General Indexes. 


COTTON SPINNING (Honours, or Third Year). By Thomas 


THORNLEY. 216 pp. Seventy-four Illustrations. Crown 8vo. 1901. 
Price 5s.; India and British Colonies, 5s. 6d.; Other Countries, 6s.; 
strictly net. 
Contents. _ - 
Syllabuses and Examination Papers of the City and Guilds of London Institute—Cotton— 
The Practical Manipulation of Cotton Spinning Machinery—Doubling and Winding—Reeling 
— Warping— Production and Costs—Main Driving—Arrangement of Machinery and Mill 
Planning—Waste and Waste Spinning—Indexes. 


COTTON COMBING MACHINES. By Tnos. THoRNLEY, 


Spinning Master, Technical School, Bolton. Demy 8vo. 117 Illustra- 
tions. 300 pp. 1902. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d. net. 
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The Sliver Lap Machine and the Ribbon Cap Machine—General Description of the Heilmann 
-Comber—The Cam Shaft—On the Detaching and Attaching Mechanism of the Comber— 
Resetting of Combers—The Erection of a Heilmann Comber—Stop Motions: Various Calcu- 
lations— Various Notes and Discussions— Cotton Combing Machines of Continental Make— 
Index. 
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Collieries and Mines. 
RECOVERY WORK AFTER PIT FIRES. A Description 


of the Principal Methods Pursued, especially in Fiery Mines, and of 
the Various Appliances Employed, such as Respiratory and Rescue 
Apparatus, Dams, etc. By ROBERT LAMPRECHT, Mining Engineer and 
Manager. Translated from the German. Illustrated by Six large 
Plates, containing Seventy-six Illustrations. 175 pp., demy 8vo. 1901. 
Price 10s. 6d. ; India and Colonies, 11s.; Other Countries, 12s.; 
strictly net. 
Contents. i 
Causes of Pit Fires—Preventive Regulations: (1) The Outbreak and Rapid Extension. 
of a Shaft Fire can be most reliably prevented by Employing little or no Combustible Material 
in the Construction of the Shaft ; (2) Precautions for Rapidly Localising an Outbreak of Fire in 
the Shaft; (3) Precautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient. 
Precautions against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of 
Fire-damp and Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. 
Experiments on the Ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity— 
Indications of an Existing or Incipient Fire—Appliances for Working in Irrespirable 
Gases: Respiratory Apparatus; Apparatus with Air Supply Pipes; Reservoir Apparatus; 
Oxygen Apparatus—Extinguishing Pit Fires: (a) Chemical Means; (b) Extinction with 
Water. Dragging down the Burning Masses and Packing with Clay; (c) Insulating the Seat 
of the Fire by Dams. Dam Building. Analyses of Fire Gases. Isolating the Seat of a Fire 
with Dams: Working in Irrespirable Gases (* Gas-diving’): Air-Lock Work. Complete 
Isolation of the Pit. Flooding a Burning Section isolated by means of Dams. Woodem 
Dams: Masonry Dams. Examples of Cylindrical and Dome-shaped Dams. Dam Doors: 
Flooding the Whole Pit—Rescue Stations: (a) Stations above Ground; (5) Underground 
Rescue Stations—Spontaneous Ignition of Coal in Bulk—Index. 


VENTILATION IN MINES. By RoBERT WABNER, Mining 


Engineer. Translated from the German. Royal 8vo. Thirty Plates 
and Twenty-two Illustrations. 240 pp. 1903. Price 10s. 6d.; India 
and Colonies, I1s.; Other Countries, 12s.; strictly net. 
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The Causes of the Contamination of Pit Air—The Means of Preventing the 
Dangers resulting from the Contamination of Pit Air—Calculating the Volume 
of Ventilating Current necessary to free Pit Air from Contamination—Determination 
of the Resistance Opposed to the Passage of Air through the Pit—Laws of Re=- 
sistance and Formulzs therefor—Fluctuations in the Temperament or Specific Re=- 
sistance of a Pit—Means for Providing a Ventilating Current in the Pit—Mechani-=- 
cal Ventilation—Ventilators and Fans—Determining the Theoretical, Initial, and 
True (Effective) Depression of the Centrifugal Fan—New Types of Centrifugal Fan 
of Small Diameter and High Working Speed—Utilising the Ventilating Current to 
the utmost Advantage and distributing the same through the Workings — Artifici= 
ally retarding the Ventilating Current— Ventilating Preliminary Workings—Blind 
Headings— Separate Ventilation— Supervision of Ventilation—InDex. 


HAULAGE AND WINDING APPLIANCES USED IN 


MINING. By Carr Vork. Translated from the German. 
Royal 8vo. With Six Plates and 146 Illustrations. [In the press. 


Contents. 
Haulage Appliances—Ropes— Haulage Tubs and Tracks—Cages and Winding Appliances— 
Winding Engines for Vertical Shafts—Winding without Ropes—Haulage in Levels and 
Inclines— The Working of Underground Engines—Machinery for Downhill Haulage. 


Engineering, Smoke Prevention 
and Metallurgy. 


THE PREVENTION OF SMOKE. Combined with the 
Economical Combustion of Fuel. By W. C. PoPPLEWELL, M.Sc., 
A.M.Inst., C.E., Consulting Engineer. Forty-six Illustrations. 190 pp. 


1901. Demy 8vo. Price 7s. 6d.; India and Colonies, 8s.; Other 
Countries, 8s. 6d. ; strictly net. 
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Contents. 

Fuel and Combustion— Hand Firing in Boiler Furnaces—Stoking by Mechanical Means— 
Powdered Fuel—Gaseous Fuel— Efficiency and Smoke Tests of Boilers—Some Standard 
Smoke Trials—The Legal Aspect of the Smoke Question—The Best Means to be adopted for 
the Prevention of Smoke— Index. 


GAS AND COAL DUST FIRING. A Critical Review of 
the Various Appliances Patented in Germany for this purpose since 
1885. By ALBERT PürscH. 130 pp. Demy 8vo. 1901. Translated 
from the German. With 103 Illustrations. Price 7s. 6d.; India and 
Colonies, Ss.; Other Countries, 8s. 6d.; strictly net. 


Contents. 
Generators—Generators Employing Steam—Stirring and Feed Regulating Appliances— 
Direct Generators—Burners—Regenerators and Recuperators—Glass Smelting Furnaces— 
Metallurgical Furnaces—Pottery Furnace—Coal Dust Firing—Index. 


THE HARDENING AND TEMPERING OF STEEL 
IN THEORY AND PRACTICE. By FrıpoLin REIsERr. 


Translated from the German of the Third Edition. Crown 8vo. 
120 pp. 1903. Price 5s.; India and British Colonies, 5s. 6d.; Other 
Countries, 6s.; strictly net. 


Contents. 

Steel—Chemical and Physical Properties of Steel, and their Casual Connection— 
Classification of Steel according to Use—Testing the Quality of Steel — Steel- 
Hardening —Investigation of the Causes of Failure in Hardening—Regeneration of 
Steel Spoilt in the Furnace—Welding Steel— Index. 


SIDEROLOGY: THE SCIENCE OF IRON (The Con- 


stitution of Iron Alloys and Slags). Translated from German of 
HANNS FREIHERR V. JÜPTNER. 350 pp. Demy 8vo. Eleven Plates 
and Ten Illustrations. 1902. Price 10s. 6d.; India and Colonies, 11s.; 
Other Countries, 12s.; net. 
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The Theory of Solution.—Solutions—Molten Alloys—Varieties of Solutions—Osmotic 
Pressure—Relation between Osmotic Pressure and other Properties of Solutions—Osmotic 
Pressure and Molecular Weight of the Dissolved Substance— Solutions of Gases—Solıd Solu- 
tions—Solubility—Diffusion—Electrical Conductivity—Constitution of Electrolytesand Metals 
— Thermal Expansion. Micrography.—Microstructure—The Micrographie Constituents of 
Iron—Relation between Micrographical Composition, Carbon-Content, and Thermal Treat- 
ment of Iron Alloys—The Microstructure of Slags.. Chemical Composition of the Alloys 
of Iron. —Constituents of Iron Alloys—Carbon—Constituents of the Iron Alloys, Carbon— 
Opinions and Researches on Combined Carbon—Opinions and Researches on Combined 
Carbon—Applying the Curves of Solution deduced from the Curves of Recalescence to the De- 
termination of the Chemical Composition of the Carbon present in Iron Alloys—The Constitu- 
ents of Iron—Iron— The Constituents of Iron Alloys—Manganese—Remaining Constituents of 
Iron Alloys—A Silicon—Gases.. The Chemical Composition of Slag.—Silicate Slags— 
Calculating the Composition of Silicate Slags—Phosphate Slags—Oxide Slags—Appendix— 
Index. 


EVAPORATING, CONDENSING AND COOLING AP- 
PARATUS. Explanations, Formule and Tables for Use 


in Practice. By E. HausBRAND, Engineer. Translated by A. C. 
WRIGHT, M.A. (Oxon.), B.Sc. (Lond.). With Twenty-one Illlustra- 
tions and Seventy-six Tables. 400 pp. Demy 8vo. 1903. Price 
10s. 6d.; India and Colonies, 11s.; Other Countries, 12s.; net. 


Contents. 

ReCoeffhicient of Transmission of Heat, kl, and the Mean Temperature Difference, Aln— 
Parallel and Opposite Currents—Apparatus for Heating with Direct Fire—The Injection of 
Saturated Steam—Superheated Steam—Evaporation by Means of Hot Liquids— The Trans- 
ference of Heat in General, and Transference by means of Saturated Steam in Particular 
— The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms 
—Evaporation in a Vacuum— The Multiple-effect Evaporator—Multiple-effect Evaporators 
from which Extra Steam is Taken—The Weight of Water which must be Evaporated from 
100 Kilos. of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent. 
up to 20-70 per cent.—The Relative Proportion of the Heating Surfaces in the Elements 
of the Multiple Evaporator and their Actual Dimensions—The Pressure Exerted by Currents 
of Steam and Gas upon Floating Drops of Water—The Motion of Floating Drops of Water 
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upon which Press Currents of Steam— The Splashing of Evaporating Liquids—The Diameter 
of Pipes for Steam, Alcohol, Vapour and Air—The Diameter of Water Pipes—The Loss 
of Heat from Apparatus and Pipes to the Surrounding Air, and Means for Preventing 
the Loss—Condensers—Heating Liquids by Means of Steam—The Cooling of Liquids— 
The Volumes to be Exhausted from Condensers by the Air-pumps—A Few Remarks on Air- 
pumps and the Vacua they Produce—The Volumetric Efficiency of Air-pumps— The Volumes 
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to a 
Certain Lower Pressure—Index. 


Dental Metallurgy. 


DENTAL METALLURGY: MANUAL FOR STUDENTS 
AND DENTISTS. By A. B. Grirritus, Ph.D. Demy 


8Svo. Thirty-six Illustrations. 190... 200 pp. Price 7s. 6d.; India 
and Colonies, 8Ss.; Other Countries, Ss. 6d.; strictly net. 
. Contents. _ i 
Introduction— Physical Properties of the Metals—Action of Certain Agents on Metals— 

Alloys— Action of Oral Bacteria on Alloys—Theory and Varieties of Blowpipes—Fluxes— 
Furnaces and Appliances—Heat and Temperature—Gold—Mercury—Silver—Iron—Copper 
Zinc— Magnesium — Cadmium— Tin— Lead — Aluminium—Antimony — Bismuth — Palladium — 
Platinum—Iridium—Nickel—Practical Work—Weights and Measures. 





Plumbing, Decorating, Metal 
Work, ete., etc. 


EXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs. By Jonun W. HART, R.P.C. 180 Illustrations. 272 
pp: Demy Svo. Second Edition Revised. 1902. Price 7s. 6d.; India 
and Colonies, 8s.; Other Countries, Ss. 6d. ; strictly net. 
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Cast Sheet Lead—Milled Sheet Lead—Roof Cesspools—Socket Pipes—Drips—Gutters— 
Gutters (continued)—Breaks—Circular Breaks—Flats—Flats (continued)—Rolls on Flats— 
Roll Ends—Roll Intersections—Seam Rolls—Seam Rolls (continued—Tack Fixings—Step 
Flashings—Step Flashings (continued)— Secret Gutters—Soakers—Hip and Valley Soakers 
—Dormer Windows—Dormer Windows (continued)—Dormer Tops—Internal Dormers— 
Skylights—Hips and Ridging—Hips and Ridging (continued)—Fixings for Hips and Ridging 
—Ornamental Ridging—Ornamental Curb Rolls—Curb Rolls—Cornices—Towers and Finials 
— Towers and Finials (continued)— Towers and Finials (continued—Domes— Domes (continued) 
— Ornamental Lead Work—Rain Water Heads—Rain Water Heads (continued)—Rain Water 
Heads (continued). 


HINTS TO PLUMBERS ON JOINT WIPING, PIPE 


BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. ByJoHn W. HART, R.P.C. 184 Illustrations. 
313 pp. Demy 8Svo. 1901. Price 7s. 6d.; India and Colonies, 8s. ; 
Other Countries, 8s. 6d.; strictly net. 

ß Contents. 

Pipe Bending — Pıpe Bending (continued) — Pipe Bending (continued) — Square Pipe 
Bendings—Half-eircular Elbows—Curved Bends on Square Pipe—Bossed Bends—Curved 
Plinth Bends—Rain-water Shoes on Square Pipe—Curved and Angle Bends—Square Pipe 
Fixings—Joint-wiping—Substitutes for Wiped Joints—Preparing Wiped Joints—Joint Fixings 
—Plumbing Irons—Joint Fixings—Use of “ Touch” in Soldering—Underhand Joints—Blown 
and Copper Bit Joints—Branch Joints—-Branch Joints (continued)—Block Joints—Block 
Joints (continued)—Block Fixings—Astragal Joints—Pipe Fixings—Large Branch Joints— 
Large Underhand Joints—Solders—Autogenous Soldering or Lead Burning—Index. 


THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZING 


BRASS WARE. By W. Norman Brown. 35 pp. Crown 
Svo. 1900. Price 2s.; Abroad, 2s. 6d.; strictly net. 
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WORKSHOP WRINKLES for Decorators, Painters, Paper- 


hangers and Others. By W. N. BRown. Crown 8vo. 128 pp. 1901. 
Price 2s. 6d.; Abroad, 3s.; strictly net. 


HOUSE DECORATING AND PAINTING. By W. 


NORMAN Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 
1900. Price 3s. 6d.; India and Colonies, 4s.; Other Countries, 4s. 6d. ; 
strictly net. 


A HISTORY OF DECORATIVE ART. By W. NorMAN 


Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. 1900. Price 
2s.6d.; Abroad, 3s.; strictly net. 


A HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 


WıLLIAM NORMAN BROWN. 52 pp. and Illustrations. Crown 8vo. 
1901. Price 2s.; Abroad, 2s. 6d.; net. 


THE PRINCIPLES OF HOT WATER SUPPLY. By 
JOHN W. HART, R.P.C. With 129 Illustrations. 1900. 177 pp., demy 
Svo. Price 7s. 6d.; India and Colonies, 8s.; Other Countries, 8s. 6d.; 
strietly net. 

Contents. 

Water Circulation— The Tank System—Pipes and Joints—The Cylinder System—Boilers 
for the Cylinder System—The Cylinder System— The Combined Tank and Cylinder System 
— Combined Independent and Kitchen Boiler—Combined Cylinder and Tank System with 
Duplicate Boilers—Indirect Heating and Boiler Explosions—Pipe Boilers—Safety Valves— 
Safety Valves—The American System—Heating Water by Steam— Steam Kettles and Jets 
— Heating Power of Steam—Covering for Hot Water Pipes—Index. 


Brewing and Botanical. 


HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 


OF COMMERCE. By EmmanvEL Gross, Professor at 


the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 1900. 340 pp. Demy 
Svo. Price 12s. 6d.; India and Colonies, 13s. 6d.; Other Countries, 
15s. ; strictly net. 


Contents. 

HISTORY OF THE HOP-THE HOP PLANT-—-Introductory—I'he Roots— The Stem— 
and Leaves—Inflorescence and Flower: Inflorescence and Flower of the Male Hop; In- 
fAlorescence and Flower of the Female Hop—The Fruit and its Glandular Structure: The 
Fruit and Seed—Propagation and Selection of the Hop—Varieties of the Hop: (a) Red Hops; 
(b) Green Hops; (c) Pale Green Hops—Classification according to the Period of Ripening: 
Early August Hops; Medium Early Hops; Late Hops—Injuries to Growth—Leaves Turning 
Yellow, Summer or Sunbrand, Cones. Dropping Off, Honey Dew, Damage from Wind, Hail 
and Rain ; Vegetable Enemies of the Hop: Animal Enemies of the Hop—Beneficial Insects on 
Hops—CULTIVATION—The Requirements of the Hop in Respect of Climate, Soil and 
Situation: Climate; Soil; Situation—Selection of Variety and Cuttings—Planting a Hop 
Garden: Drainage; Preparing the Ground; Marking-out for Planting; Planting; Cultivation 
and Cropping of the Hop Garden in the First Year—Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting: Method of Cutting: Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; Proper Season for Cutting: Autumn Cutting, Spring 
Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principal 
Types of Frames; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant; OR 
Drying and Bagging— Principal and Subsidiary Utilisation of Hops and Hop Gardens—Life 
of a Hop Garden; Subsequent Cropping—Cost of Production, Yield and Selling Prices. j 

Preservation and Storage— Physical and Chemical Structure of the Hop Cone—Judging 
the Value of Hops. 

Statistics of Production— The Hop Trade—Index. 
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Timber and Wood Waste. 


TIMBER: A Comprehensive Study of Wood in all its Aspects 
- (Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of PAUL CHARPENTIER. Royal 8vo. 437 pp. 178 Illustrations. 1902. 
Price 12s. 6d.; India and Colonies, 13s. 6d.; Other Countries, 15s.; 
net. 
Contents. 2 
Physical and Chemical Properties of Timber—Composition of the Vegetable Bodies 
— Chief Elements—M. Fremy’s Researches—Elementary Organs of Plants and especially of 
Forests—Different Parts of Wood Anatomically and Chemically Considered—General Pro- 
perties of Wood—Description of the Different Kinds of Wood—Principal Essences with 
Caducous Leaves—Coniferous Resinous Trees—Division of the Useful Varieties of Timber 
in the Different Countries of the Globe—European Timber— African Timber—Asiatic 
Timber-—-American Timber— Timber of Oceania—Forests— General Notes as to Forests ; their 
InAuence—Opinions as to Sylviculture—Improvement of Forests—Unwooding and Rewooding 
— Preservation of Forests—Exploitation of Forests—Damage caused to Forests—Different 
Alterations— The Preservation of Timber—Generalities—Causes and Progress of De- 
terioration—History of Different Proposed Processes—Dessication—Superficial Carbonisation 
of Timber—Processes by Immersion—Generalities as to Antiseptics Employed—Injection 
Processes in Closed Vessels— The Boucherie System, Based upon the Displacement of the 
Sap—Processes for Making Timber Uninlammable—Applications of Timber—Generalities 
— Working Timber—Paving—Timber for Mines—Railway Traverses—Accessory Products— 
Gums— Works of M. Fremy—Resins—Barks—Tan— Application of Cork—The Application of 
Wood to Art and Dyeing—Different Applications of Wood—Hard Wood—Distillation of 
Wood—Pyroligneous Acid—Oil of Wood—Distillation of Resins—Index. 


THE UTILISATION OF WOOD WASTE. Translated from 


the German of ERNST HUBBARD. Crown 8vo. 192 pp. 1902. Fifty 


Illustrations. Price 5s.; India and Colonies, 5s. 6d.; Other Countries, 
6s.; net. 


Contents. 

General Remarks on the Utilisation of Sawdust— Employment of Sawdust as Fuel, 
with and without Simultaneous Recovery of Charcoal and the Products of Distillation— 
Manufacture of Oxalic Acid from Sawdust— Process with Soda Lye; Thorn’s Process ; 
Bohlig’s Process—Manufacture of Spirit (Ethyl Alcohol) from Wood Waste—Patent Dyes 
(Organic Sulphides, Sulphur Dyes, or Mercapto Dyes)—Artificial Wood and Plastic Com- 
positions from Sawdust— Production of Artificial Wood Compositions for Moulded De- 
corations—Employment of Sawdust for Blasting Powders and Gunpowders—Employment 
of Sawdust for Briquettes—Employment of Sawdust in the Ceramic Industry and as an 
Addition to Mortar—Manufacture of Paper Pulp from Wood—Casks— Various Applications 
of Sawdust and Wood Refuse—Caleium Carbide—Manure—Wood Mosaic Plaques—Bottle 


Stoppers— Parquetry—Fire-lighters—Carborundum— The Production of Wood Wool—Bark— 
Index. 


Building and Architecture. 


THE PREVENTION OF DAMPNESS IN BUILDINGS; 
with Remarks on the Causes, Nature and Effects of Saline, Effiores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By ADOLF WILHELM KEım. Translated 
from the German of the second revised Edition by M. J. SALTER, F.1.C., 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo. 


115 pp. 1902. Price 5s.; India and Colonies, 5s. 6d. ; Other Countries, 
6s.; net. 


Contents. 

The Various Causes of Dampness and Decay of the Masonry of Buildings, and the 
Structural and Hygienic Evils of the Same—Precautionary Measures during Building against 
Dampness and Effloresceencee—Methods of Remedying Dampness and Efforescences in the 
Walls of Old Buildings—The Artificial Dryingof New Houses, as well as Old Damp Dwellings, 
and the Theory of the Hardening of Mortar—New, Certain and Permanently Efficient 
Methods for Drying Old Damp Walls and Dwellings—The Cause and Origin of Dry-rot: its 
Injurious Effect on Health, its Destructive Action on Buildings, and its Successful Repres- 
sion—Methods of Preventing Dry-rot to be Adopted During Construction—Old Methods 
of Preventing Dry-rot—Recent and More Effhicient Remedies for Dry-rot—Index, 
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GLOSSARY OF TECHNICAL TERMS USED IN ARCHI- 


TECTURE, BUILDING, PLUMBING, AND THE 
ALLIED TRADES AND SUBJECTS. By Aucusrine C 
PASSMORE. Demy Svo. About 400 pp. [In the press. 


Foods and Sweetmeats. 


THE MANUFACTURE OF PRESERVED FOODS AND 
SWEETMEATS. By A. Hausser. With Twenty-eight 


Illustrations. Translated from the German of the third enlarged 
Edition. Crown 8vo. 225 pp. 1902. Price 7s. 6d.; India and 
Colonies, 8s.; Other Countries, 8s. 6d.; net. 


:Contents. 

The Manutacture of Conserves—Introduction— The Causes of,the Putrefaction of Food 
— The Chemical Composition of Foods— The Products of Decomposition— The Causes of Fer- 
mentation and Putrefaction—Preservative Bodies—The Various Methods of Preserving Food 
— The Preservation of Animal Food—Preserving Meat by Means of Ice—The Preservation 
of Meat by Charcoal—Preservation of Meat by Drying—The Preservation of Meat by the 
Exclusion of Air—The Appert Method—Preserving Flesh by Smoking—Quick Smoking—Pre- 
serving Meat with Salt— Quick Salting by Air Pressure— Quick Salting by Liquid Pressure— 
Gamgee's Method of Preserving Meat—The Preservation of Eggs—Preservation of White 
and Yolk of Egg—Milk Preservation—Condensed Milk—The Preservation of Fat—Manu- 
facture of Soup Tablets—Meat Biscuits—Extract of Beef—The Preservation of Vegetable 
Foods in General—Compressing Vegetables—Preservation of Vegetables by Appert’s Method 
— The Preservation of Fruit—Preservation of Fruit by Storage—The Preservation of Fruit 
by Drying—Drying Fruit by Artificial Heat—Roasting Fruit— The Preservation of Fruit with 
Sugar—Boiled Preserved Fruit—The Preservation of Fruit in Spirit, Acetic Acid or Glycerine 
—Preservation of Fruit without Boiling—Jam Manufacture—The Manufacture of Fruit 
Jellies—The Making of Gelatine Jellies—The Manufacture of “ Sulzen ”—The Preservation of 
Fermented Beverages—The Manufacture of Candies—Introduction—The Manufacture of 
Candied Fruit—The Manufacture of Boiled Sugar and Caramel—The Candying of Fruit— 
Caramelised Fruit— The Manufacture of Sugar Sticks, or Barley Sugar—Bonbon Making— 
Fruit Drops— The Manufacture of Dragees—The Machinery and Appliances used in Candy 
Manufacture—Dyeing Candies and Bonbons—Essential Oils used in Candy Making—Fruit 
Essences— The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges— 
Recipes for Jams and Jellies—Recipes for Bonbon Making—Dragees—Appendix—Index. 


Dyeing Fancy Goods. 


THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OF 
WOOD. A Practical Handbook for the Use of Joiners, 


Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. SoxHLET, 
Technical Chemist. Crown 8vo. 168 pp. 1902. Price 5s.; India and 
Colonies, 5s. 6d.; Other Countries, 6s.; net. 


. Contents. 


Mordants and Stains — Natural Dyes—Artificial Pigments—Coal Tar Dyes — Staining 
Marble and Artificial’Stone—Dyeing, Bleaching and Imitation of Bone, Horn and Ivory— 
Imitation of Tortoiseshell for Combs: Yellows, Dyeing Nuts—Ivory— Wood Dyeing—Imitation 
of Mahogany: Dark Walnut, Oak, Birch-Bark, Elder-Marquetry, Walnut, Walnut-Marquetry, 
Mahogany, Spanısh Mahogany, Palisander and Rose Wood, Tortoiseshell, Oak, Ebony, Pear 
Tree—Black Dyeing Processes with Penetrating Colours—Varnishes and Polishes: English 
Furniture Polish, Vienna Furniture Polish, Amber Varnish, Copal Varnish, Composition for 
Preserving Furniture—Index. 
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Lithography and Engraving. 


PRACTICAL LITHOGRAPHY. By JosErH KirKBRIDE. 
Demy 8vo. With Plates and Illustrations. [In the press 


Contents. 


Stones— Transfer Inks— Transfer Papers Transfer Printing—Litho Press—Press Work— 
Machine Printing—Colour Printing—Substitutes for Lithographic Stones—Tin Plate Printing 
and Decoration—Photo-Lithography. 


ENGRAVING FOR ILLUSTRATION. HISTORICAL 
AND PRACTICAL NOTES. By J. Kırkgripe. 72 pp. 


Two Plates and Illustrations. Crown 8vo. Price 2s. 6d.; Abroad, 
3s. ; strictly net. 


Contents. 
Its Inception—Wood Engraving— Metal Engraving—Engraving in England—Etching— 
Mezzotint — Photo-Process Engraving— The Engraver's Task—Appresiative Criticism — 
Index. j 


Bookbinding,. 


PRACTICAL BOOKBINDING. By Paur Avam. Translated 


from the German. Demy 8vo. With 129 Illustrations. [In the press. 


Contents.‘ 

„Materials for Sewing and Pasting—Materials for Covering the Book—Materials for 
Decorating and Finishing — Tools—-General Preparatory Work — Sewing — Forwarding 
Cutting, Rounding and Backing—Forwarding, Decoration of Edges and Headbanding—- 
Boarding—Preparing the Cover—Work with the Blocking Press— Treatment of Sewn Books 
Fastening in Covers, and Finishing Off—Handtooling and Other Decoration— Account Books 
—-School Books, Mounting Maps, Drawings, etc.—Index. - 


Sugar Refining. 


THE TECHNOLOGY OF SUGAR: Practical Treatise on 
the Modern Methods of Manufacture of Sugar from the Sugar Cane and 
Sugar Beet. By JoHun GEDDES MclIntosH. Demy 8vo. 83 Illus- 
trations, [In the press. 

Contents. | 


Chemistry of Sucrose,! Lactose, Maltose, Glucose, Invert Sugar, etc. —Purchase and 
Analysis of Beets— Treatment of Beets—Diffusion—Filtration—Concentration—Evaporation 
Sugar Cane: Cultivation—Milling—Diffusion—Sugar Refining—Analysis of Raw Sugars— 
Chemistry of Molasses, etc, 
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New Textile Books. 
(See also pp. 19-24.) 


TEXTILE CALCULATIONS, especially relating‘to Woollens. 
From the German of N. REISER. Thirty-four Illustrations. Tables. 
[In the press. 


Contents. 
Calculating the Raw Material—Proportion of Different Grades of Wool to Furnish a 
Mixture at a Given Price—Quantity to Produce a Given Length—Yarn Calculations— Yarn 
Number— Working Calculations—Calculating the Reed Count— Cost of Weaving, etc, 


WATERPROOFING FABRICS AND MATERIALS. By 


Dr. S. Mıcrzınski. Twenty-nine Illustrations. [In the press. 


Contents. 
Preparing the Fabries—Impregnating the Fabries—Drying—Paraffin—Cuprice Oxide of 
Ammonia—Size—Tannin— Metallic Oxides, etc. 





SCOTT, GREENWOOD & Co. will forward any of the above Books, post 
„free, upon receipt ofremittance at the published price, orthey can be obtained 
through all Booksellers. 


Full List of Contents of any of the books will be sent on application, and 
particulars of books in the press will be sent when ready to persons sending 
name and address. 





SCOTT, GREENWOOD & CO, 
Technical Book [Publishers, 


I9 LUDGATE HILL, LONDON, E.C. 
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